AMERICAN WATER WORKS 
cable |} —— 
nina] _ 35 JUNE 1943 
n., is 
‘ 
Contents 
nt of 
Water Supply in Wartime. By Robert L. McNamee ............... 687 : 
iting Co-operation Between Water and Fire Departments. By Arnold C. 7 
itary Auxiliary Water Supplies for Emergency Service. By Earl L. Hollo- . 
Test Relative Resistance of Coliform Organisms and Certain Enteric Patho- : 
re- gens to Excess-Lime Treatment. By Elsie Wattie and Cecil W. r _ 
Is of Tentative Manual of Zeolite Test Procedures—5Z-T ................ 721 7 
. Calculation of Threshold Odor. By Harold A. Thomas Jr. .......... 751 - 
oak Pioneering by the Paducah Water Works. By Louis R. Howson .... 770 7 
Development of Tapping and Valve-Inserting Machines. By J. Arthur 
Cement Lining of Pipe in Place at New Albany, Ind. By F. A. Schaefer 781 — ; 
Installation of Water Meters. By John L. Ford ....................-. 786 
Water Works Improvements at Aurora, Ill. By Carl Duy ........... 789 
Design and Operation of Woodlawn Softening Plant. By E. V. Grim- =< - 
The Storage of Coal. By J. F. Barkley ...............c0ecceeeeeeees 825 7 
All correspondence relating to the publication of papers should be addressed to a 
Harry E. Jordan, Secretary - | 
500 Fifth Avenue, New York 18, N. Y. | 
$7 00 of Members dues are applied as subscription to the Journal 
Additional single copies to members—50 cents _ 


— Single copies to non-members—75 cents 


= 
—— 


WHEN: YOUR GAUGES SAY 


THROW IN YOUR CHLORINATION RESERVES 


Perhaps wartime conditions are crowd- 
ing your water system to its limit. 
Congestion in population, and fac- 
tories working double shifts, may be 
loading your treatment facilities be- 
yond their normal capacity. Under 
such conditions, don’t overlook the 
reserve possibilities of W&T Chlori- 
nators to relieve the strain on your 
treatment plant. 

Prechlorination may be used to 
help reduce the load on filters and to 
eliminate slime deposits that may be 
impeding the flow in pipelines or 
valves. Break-point chlorination may 
enable you to draw on additional 
sources of water that otherwise would 
not be suitable to use. If emergency 


supplies must be used without com- 
plete treatment, adequate chlorina- 
tion will assure safety in any event. 

The chances are that your present 
W&T Chlorinators, including stand- 
by units, have capacity adequate for 
this reserve service. If not, inexpen- 
sive adjustment may provide this 
extra capacity. 

Even though your problem may be 
a highly individualized one, your 
Wallace & Tiernan Representative is 
familiar with so wide a variety of 
situations where W&T equipment has 
provided the reserves to meet un- 
usual demands that he can give valu- 
able constructive suggestions. Why 
not get in touch with him today? 


SA-149-(S) 


WALLACE & TIERNAN CO., Inc. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATU: 
REPRESENTED IN PRINCIPAL CITI 
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HI- public water supplies of the 
United States now serve about 85 
million people, nearly two-thirds of the 
nation’s total population. Water sup- 
plies subjected to treatment of some 
kind or other serve some 75 million 
persons, well over half the population. 
In breadth of service, the public water 
supply industry ranks high among 
public services, providing direct serv- 
ice to more people than any other type 
of utility, with the possible exception 
of the electric utilities. 

Considered as a basic raw material, 
the production of water exceeds that 
of any other commodity. It amounts 
to about 12} billion tons per year. 
Assuming that only 40 per cent of this 
amount is used as an industrial raw 
material, the production of industrial 
water still ranks far above that of all 
other basic raw materials in the United 
States. Data for the year 1940 are 
shown in Fig. 1. 


A paper presented on April 20, 1943, at 
the Michigan Section Meeting, Ann Arbor, 
Mich., by Robert L. McNamee, Cons. Engr., 
Shoecraft, Drury & McNamee, Ann Arbor, 
Mich, 


Water Supply in Wartime 


By Robert L. McNamee 


WATER (USED IN INDUSTRY) 
5000 MILLION TONS PER YEAR 
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PRODUCTION OF 

BASIC RAW MATERIALS 
155 IN THE UNITED STATES 
PIG IRON 1940 


The expenditures for water works 
construction in the United States aver- 
age over 100 million dollars per year. 
The material investment in the na- 
tion's water supply systems is enor- 
mous. It is estimated at about 27 
billion tons of material, or about 300 
tons of material per thousand persons 
served. Recent studies have estimated 
the quantities of materials for mainte- 
nance to amount to over 400,000 tons 
per year or about 5 tons per thousand 
persons served. Water supply is un- 
questionably “big business.” 
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Water Supply and the Civilian Pop- 
ulation 

Water supply service is so common- 
place that its importance to a civilian 
community is not realized by many 
people. Only at a time of disaster, 
such as flood, conflagration, internal 
strife or war, does its absolute value 
become generally apparent. The fail- 
ure of a pumping plant or the bursting 
of an important main leaves an_ af- 
fected area without fire protection and 
_ subject to water-borne disease. Thus 
it becomes a catastrophe to the people 
who must bear it. Such hazards as 
these are multiplied in time of war, 
because of the altogether abnormal 
conditions surrounding civilian living 
conditions in such times. 

Probably about 10 million persons 
are now employed directly in war 
work, and by the close of 1943 that 
figure is expected to increase to 20 
million or more. <A year ago, the 
migration of war workers from one 
part of the country to another in- 
volved over 3 million persons; by now 
that figure has probably been doubled. 
The bulk of young and middle-aged 
manpower is already distributed among 
the armed forces, industry and agri- 
culture. Women are now contributing 
in large measure to war industry and 
their numbers in this field of service 
will increase. 

Despite the repeated pleadings of 
federal agencies against mass migra- 
tions into areas of war industry, such 
migrations have continued to take 
place. The consequent concentration 
of populations has inevitably produced 
crowded housing and temporary hous- 
ing. 

The public health aspects of these 
conditions are serious. The stress of 
living within this environment results, 
among people of certain backgrounds, 
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in a breakdown of never well estab. 
lished habits of personal and commy- 
nity hygiene. The opportunity then 
exists for the spread of water-borne 
diseases. 

Where these shifting populations 
can be absorbed within established 
municipalities, their water can usually 
be provided by the existing public 
supply, though often this involves ex- 
pansion under some difficulty. The 
settlement of populations in areas not 
already served with water supplies 
creates a much more hazardous condi- 
tion. In suburban and rural areas, 
well supplies of undetermined quality 
are developed and used, at times in 
close proximity to inadequate subsur- 
face sewage disposal. 


Water Supply and Industrial Pro- 
duction 


Water is an important industrial 
raw material—as important as steel, 
oil or lumber. In a consideration of 
the location of key industries, the avail- 
able supply and quality of water are 
now carefully investigated. 

The use of water for sanitary pur- 
poses is common to all industries. 
There must also be an adequate sup- 
ply of safe and palatable drinking 
water. All water so used, of course, 
in the end becomes the vehicle of 
sewage disposal, which makes possible 
the concentration of many employees 
in close quarters and conserves space, 
without inducing serious public health 
problems. 

Within recent years, the 
water as a part of industrial processes 
have greatly increased. Important 
among these uses are boiler feed 
water; water actually incorporated in 
the product; water as a vehicle for 
handling material, for product cooling, 
for product cleansing and for indus- 
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trial waste disposal. Most plants pro- 
ducing their own prime power use 
considerable quantities of water for 
poiler feed. In this use, quality is a 
most important consideration. 

Typical of many industrial chemical 
processes in which water is involved 
js the manufacture of industrial al- 
cohol. About two gallons of water are 
used in the digestion of grain to pro- 
duce one quart of alcohol. In addi- 
tion, large quantities are employed as 
a cooling agent in the distillation 
process. 

Certain types of industries employ 
water as a means of handling material. 
An example of this use is the paper 
industry, in which the paper stock is 
reduced to suitable form and conveyed 
to the paper machine in a water sus- 
pension. Much of this water is later 
extracted and reclaimed for re-use in 
the process. 

Water of suitable temperatures is an 
excellent cooling medium and is so 
used in many industrial processes, both 
for direct cooling, as in condenser 
work, and for indirect cooling, as in 
air-conditioning of process rooms, test 
rooms and the like. 

A great many processes involving 
chemical treatment of products use 
water as a cleansing agent after the 
treatment process. This is well illus- 
trated in the pickling of steel and in 
the cleansing of food products and of 
textiles. 

Much water is employed as a means 
of industrial waste disposal, particu- 
larly for the dilution and neutraliza- 
tion of spent acids and alkalis. 

The quantities of water required for 
these various industrial purposes are 
large. Some steel mills use 10,000 to 
15,000 gal. per ton of ingots produced. 
Airplane motor plants using water for 
cooling purposes may require as much 
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as 50,000 gal. per plane motor; paper 
mill uses range from 25,000 to 100,000 
gal. per ton of paper produced. There 
is no common denominator for relat- 
ing water requirements to industrial 
production. 

The many and great changes in in- 
dustrial methods that have been 
brought about in wartime affect the 
demands of industry for water. Exist- 
ing plants have been converted to war 
production; extensive enlargements 
have been made to many plants and in 
practically all plants engaged in the 
manufacture of war weapons, there has 
been a marked speeding up of produc- 
tion. These changes have resulted in 
higher production rates from each 
plant, machine or unit and have re- 
quired three-shift 24-hour operation in 
many cases. 

The difficulties in securing mechani- 
cal cooling equipment have required 
the development of water cooling un- 
der certain conditions. 

All of these changes in production 
methods have tended to increase the 
demand for water, in some cases to 
the point of its becoming a serious 
burden upon the water plant. Local 
industrial ground-water supplies de- 
veloped for particular plant uses have 
been exhausted, with the consequent 
imposition of additional Icads upon 
public water supply systems. 

Under present conditions of stress, 
each demand for an increase of water 
supply should be carefully scrutinized 
to discover means by which the needs 
may be held at the lowest practicable 
minimum. The use of mechanical 
cooling instead of water cooling, the 
clarification and reclaiming of used 
water and the successive uses of water 
in several processes should all be in- 
vestigated and employed wherever 
practicable. 
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Water Supply for the Armed Forces 
in Civilian Communities 


Of the more than a thousand train- 
; ing centers in the continental United 
_ States, about a third have utilized 
_ nearby public water supplies for water 
service. The uses of water in these 
establishments are not unlike those in 
normal civilian residential communi- 
ties. Adequate and safe water sup- 
plies must be provided for drinking 
purposes, for normal cleansing pur- 
poses in wash rooms, laundries and 
.* like and as a vehicle for sewage 
_ disposal. In some types of establish- 
ments there are additional require- 
ments, such as those for the washing 
_ down of motor vehicles, airplanes and 
other equipment. 
Where the existing local public sup- 
ply is able to meet the demands of 
_ nearby military establishments, its use 
Ne the necessary supply is usually the 
best solution. As a general average 
year-round rate, the demand of such 
establishments is about 70 gpd. per 
capita. 


Water Supply for Fire Defense 

_ From earliest times, water has been 
the most essential implement of de- 
_fense against large and stubborn fires. 
It remains, even now, as the last line 
_of defense after more specialized means 
have been exhausted. 

The normal demands upon a public 
water supply for fire defense purposes 
are adequately met by provision in ac- 
cordance with the standard table of 
required fire flow of the National 
Board of Fire Underwriters. Wartime 
demands for water for fire defense, 
however, must be modified because of 
changed conditions. Fire has now be- 


come a war weapon against civilians. 
The incendiary bomb, a comparatively 
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light missile, weighing usually about 
two pounds, is most effective when 
widely spread over densely built-up 
areas. This means of attack, using the 
weapon of fire, has been extensively 
employed in the present war. ; 

The official British Government 
booklet Front Line 1940-41 has re. 
leased some information concerning 
the blitz on London. The opening 
stroke of the blitz on September 7, 
1940, left 9 conflagrations, 19 thirty- 
pump fires, 40 ten-pump fires and a 
thousand smaller fires, most of which 
would have been front-page stories in 
peacetime. The fire blitz has been felt 
in every country that has borne an 
air attack. 

Crowded housing induced by the 
migration of industrial workers. se- 
riously increases the normal fire haz- 
ards. ‘The fitting up and use of attic 
rooms, hallways and other commonly 
unoccupied areas enlarges the fire haz- 
ard in existing structures. The con- 
struction of temporary housing, 
equipped with inadequate and make- 
shift heating and electrical equipment, 
creates a most serious fire hazard. 

Much appurtenant and temporary 
building construction in wartime is 
done without adequate inspection and 
approval. Shortages of materials make 
it difficult to secure approved equip- 
ment. All these conditions tend to- 
ward a greater congestion and increase 
the normal hazards of fire. A large 
part of the production of wartime ma- 
terials involves the making of muni- 
tions, which in its very nature presents 
a great fire hazard. In many other war 
industries, the processes involved are 
equally hazardous. 

British data indicate water require- 
ments for fire defense to be about 5000 
to 10,000 gpm. for warehouses, fac- 


Jun 


tor’ 
Fir 
bul 
gre 
mo! 


add 


4 F 
nel 

Mi 
\ 
pu 
mo 
out 
sou 
the 
city 


V oll. 35 


about 
when 
ilt-up 
ig the 
sively 


iment 
S re- 
ring 
ening 
er 
urty- 
nd a 
vhich 
es in 
1 felt 
e an 


the 

se- 
haz- 
attic 
nly 
haz- 
con- 
sing, 
ake- 
lent, 


rary 
e is 


tories and locks. The New York City 
Fire Department believes that U.S. 
puildings present a fire hazard far 
greater than do the British and even 
more than do German structures. In 
addition, the U.S. density of develop- 
ment (about 35 per cent in large cities) 
is greater than that in England (about 
20 per cent). 

The burden of protection against 
fre falls primarily upon water supply 
facilities. Any plant that may be ex- 

ted to cope with these conditions 
should fully meet the requirements for 
jocal fire defense situations and, in ad- 
dition, should provide for auxiliary 
supplies, standby pumps and local stor- 
age at points of unusual hazards. 


Military Value of Civil Water Sup- 
plies 

In addition to meeting the demands 
of civilian populations, of industrial 
production and of fire defense on the 
home front, the public water supply is 
of utmost importance to our military 
operations. 

This war has exemplified the abso- 
lute dependence of military success 
upon public morale. In the early days 
of the Nazi conquest of continental 
Europe, nations fell quickly upon Nazi 
attack, principally because of a rapid 
undermining of public morale. Not 
until the English Channel was reached 
was there an organization of the home 
front adequate to cope with attempts 
at both external attack and internal 
sabotage. 

Water supply stands high among the 
public services tending to bolster public 
morale. It is significant that through- 
out all attacks upon the city, the 
sources of London’s water supply and 
the means of its transmission to the 
city have never been put completely 
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out of service. Local areas have been 
deprived of normal water supplies, but 
auxiliary equipment has usually been 
placed in service promptly and water 
has been delivered. On the other hand, 
it appears that the loss of water sup- 
ply was important in the capitulation 
of both Hong Kong and Singapore. 
No loss than can befall a congested 
city is so demoralizing as that of losing 
its water supply. 

High public morale is a direct factor 
influencing both the quantity and qual- 
ity of the industrial production of 
weapons of war. A functioning water 
supply is fundamental to this morale. 
The maintenance of high industrial 
production is similarly directly pre- 
served by an unfailing water supply, 
adequate to meet the demands within 
these plants and sufficient in amount 
to protect them against extensive fire 
losses. 

In this war there have been in- 
stances where water supplies have di- 
rectly supported military operations. 
This situation has been reported to 
have existed at Leningrad and Moscow, 
where the “firing” front was within the 
range of service of existing public 
water supplies. The abilities of these 
supplies to assume the burdens, not 
only of serving these besieged cities, 
but in supporting military operations 
at their gates, have been highly im- 
portant in holding these Russian for- 
tresses. 

At least one instance of the use of 
water as an offensive combat weapon 
is known. In one of the several un- 
successful Nazi attacks upon Stalin- 
grad, the Russians suddenly doused a 
company of German infantrymen with 
hose streams. In the subzero tempera- 
tures, the men and their equipment 


were frozen stiff on the spot. ee 


7 

| 

_| 

1ake 

uip- : 

to- 

ease 

urge 
ma- 
uni- 
ents 

war 

are 

ire- 

000 

fac- 


692 JOURNAL—-AMERICAN 


Water Supply Situation in Michigan 


The United States has been dubbed 
“The Arsenal of Democracy.” If such 
it is, then Michigan is the production 
plant of that arsenal, for in that state 
are produced many of the basic raw 
materials of war, as well as complete 
assemblies or subassemblies for sub- 
stantially every type of war weapon 
and equipment used by the United 
Nations. This fact has a very impor- 
tant bearing upon public water supply 
service in the state. 

Population: According to the 1940 
census, the southeastern Michigan in- 
dustrial area had a population of about 
3} million, more than 60 per cent of 
the total population of the state. In 
terms of urban population, the area 
included nearly 75 per cent of the 
state’s population. In this area, the 
Detroit region, including eight indus- 
trial centers within a 100-mile radius 
of the city itself, in 1940 had an aggre- 
gate population of about 2} million, 
which by 1943 had risen to over 3 
million. 

To some extent this increase 
the result of an influx of workers from 
other states, but in part at least it 
represented a shift from rural areas 
and small towns to the cities. There 
are, of course, situations, such as that 
at the Willow Run Bomber Plant, 
where new populations are being set- 
tled in rural areas surrounding out- 
lying industries, but these shifts of 
population inevitably result in con- 
gested housing conditions. Not only 
are practically all usual dwellings oc- 
-cupied—in many cases doubled up— 
but many structures, such as garages, 
summer cottages and trailers are oc- 
-cupied as year-round dwellings. In 


Was 


two or three shifts each 24 hours. 
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A consequence of shifted popula. 
tions, crowded living conditions, high 
wages and the lack of normal recrea. 
tional opportunities is a general slack. 
ening of the usual social controls 0 
normal home life. Public health jg 
directly affected by these conditions 
Shifting populations induce a mush. 
room development of food stores and 
restaurants, taxing the capacities oj 
local health authorities to supervise 
them, giving opportunity for food 
borne and water-borne disease to be. 
come epidemic. Crowded housing fos. 
ters the spread of contagious diseases 
Lack of rest and recreation lowers the 
resistance of the human system to at. 
tack of disease. Rural and suburbar 
home water supplies and sewage dis- 
posal are often improperly installed 
and supervised. 

Fire hazards are always increased 
by congested housing. The same war 
impetus that brings about congested 
housing induces temporary construc- 
tion work, improvised electrical work 
and heating systems and _ inadequate 
provision for waste and rubbish dis- 
posal. Under the stress of wartime 
conditions, the usual safeguards of 
building and housing inspections and 
permits are overworked and therefore 
often inadequate. 


Industry: The industrial develop- 
ment of southeastern Michigan has 
expanded in even greater degree than 
its population. The peacetime record 
production occurred in 1929 and 
amounted, in terms of civilian motor 
vehicles, to about 54 million units. 
The war production of this area, con- 
verted to equivalent terms, will be 
about 15 million units. 

Normal peacetime production has 
been valued at about 3.5 billion dollars 
per year. Some estimates place the 
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j942 war production value at 8.0 bil- 
jion dollars per year and predict much 
higher figures for 1943. 

For 1940, industrial employment in 
the Detroit region aggregated 500,000 ; 
for 1943, 800,000. The corresponding 
data for the smaller towns would in- 
crease these figures materially. Out- 
state communities are at work produc- 
ing raw materials and finished prod- 
ucts of war with the same energy and 
zeal. 

Water Supply: In the aggregate, the 
effects of the increases in population 
and stepped-up production upon the 
water supplies of the area are tre- 
mendous. The municipal supplies 
serving the Detroit region were prob- 
ably delivering a total of about 340 
mgd. as an annual average in 1940; 
now the demand will probably reach 
425 mgd. Not only does this demand 


fall upon the sources of water, but 


upon treatment, pumping and distri- 
bution equipment as well; and at a 
time when it is most difficult to make 
extensions to plant. 
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Mobilization for Defense 


All that has been said concerning 
the magnitude of the public water sup- 
ply industry and the absolute depend- 
ence of civilian, industrial and military 
operations upon it serves to emphasize 
the problems that confront the water 
works managements of American com- 
munities. 

It is the responsibility of each sys- 
tem manager or superintendent to ex- 
amine and evaluate his own situation 
and to prepare to defend it effectively 
against any eventuality. He alone can 
assure that, if and when it is ever put 
to the test that so many foreign cities 
have undergone, it will not be found 
wanting. 

Nore: For the local 
evaluation mentioned above, the author dis- 
tributed a self-audit questionnaire to be filled 
out by the water works executive on his 
return to his home city. This questionnaire, 
entitled “Self-Examination of Water Works 
Preparedness for Wartime Conditions,” was 
published in the May JourNnat (p. 602) as 
part of the report of the Michigan Water 
Works School at which the paper was pre- 
sented. 
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- Co-operation Between Water and Fire Departments 


By Arnold C. Renner 


is the best extinguishing 
agent there is for general fire 
fighting operations. The principal rea- 
sons for its great effectiveness are that 
it is chemically stable urder ordinary 
fire conditions and that it is one of the 
best cooling agents available. In ad- 
dition, water flowing over burning ma- 
terial excludes the oxygen of the air, 
without which common materials can- 
not burn. 

A city water supply is primarily de- 
signed for producing an adequate, pal- 
atable and potable water for domestic, 
commercial, industrial and public serv- 
ice, and, in addition, a reasonable quan- 
tity of water for fire protection. A\l- 
though water for extinguishing fires 
does not need to be a potable supply, 
it is apparent that the most efficient 
method is to supply water for both 
domestic and fire through the same 
system of mains. This is the method 
used except in several of the larger 
U.S. cities where separate high-pressure 
fire systems have been installed in addi- 
tion to the regular water systems. 

It can be shown that the smaller the 
city the more of the physical proper- 


ties of the water works are required 


for fire protection. In cities of less 


A paper presented on April 22, 1943, at 
the Michigan Section Meeting, Ann Arbor, 


-Mich., by Arnold C. Renner, State Fire 


Marshal, East Lansing, Mich. 


than 10,000 population that part of the 
water system required for fire protec- 
tion may run from 60 to 80 per cent 
of the total, whereas in the larger cities 
this percentage runs from 10 to 20 per 
cent. In terms of population, the cost 
of furnishing fire protection will run 
about $1.25 per capita in the larger 
cities, and double this amount in the 
smaller ones. 


Fire Protection Charges 


The question of charges made by the 
water department for fire protection is 
a much discussed subject. In many of 
the smaller towns the water department 
charges the fire department from $25 
to $75 for each hydrant, but this means 
little as it is generally only a matter of 
bookkeeping and actually the consum- 
ers of water pay for furnishing fire 
protection through hydrants. 

When a building owner installs auto- 
matic sprinkler equipment, the city 
water supply may be sufficient to fur- 
nish the required amount of water at 
adequate pressure, in which case the 
water department feels that the owner 
of this property should reimburse the 
water department for its readiness to 
serve him in case of a fire. In some 
towns this charge is made on flat yearly 
basis or by charging 5 cents or some 
such figure per sprinkler head. Many 
cities make a yearly charge based on 
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the size of the connection. This latter 
method is probably the fairest, provid- 
ing the charge is not excessive. In 
Detroit the charge for a service for 
fire protection varies from $24 a year 
for a 4-in. connection to $48 a year 
for an 8-in. connection. Due to the 
fact that the owner who installs the 
sprinkler system makes it unnecessary 
for the city to furnish additional fire 
protection, this charge should not be 
excessive but should cover only the 
cost of maintenance and inspection of 
the service connection. 

Statistics will show that the auto- 
matic sprinkler is almost infallible; 
therefore, in the event of a fire in a 
sprinklered risk there is, in most cases, 
very little extinguishing to be done by 
the fire department. 


Sprinkler Connections 


Some cities permit unmetered sprink- 
ler connections, while others require 
meter or detector checks. If a meter 
is required, it should by all means be a 
low-loss meter, for the ordinary do- 
mestic 6-in. meter will produce an ex- 
cessive pressure loss; whereas with an 
approved fire meter, the loss will not 
exceed 2 or 3 psi. in a 6-in. meter with 
up to 1000 gpm. flowing. A detector 
check permits a full flow of water 
when the check is open, and provides 
for detecting leaks or the theft of water 
by the operation of a small bypass 
meter. This method is considered ac- 
ceptable in many Michigan cities. A 
number of automatic sprinkler systems 
are furnished with water from a non- 
potable supply, and the State Board of 
Health will not permit cross-connec- 
tions of any kind with the city potable 
system. On the question of health, the 
fire protection engineer is not in a 
position to argue with the sanitary 
engineer. 


possible. 


of 
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Adequacy of Supply a 


The National Board of Fire Under- 
writers has worked out a formula on 
the amount of water which should be 
available in the downtown area of a 
city or town. As an example, a town 
of 1000 population requires a fire flow 
of 1000 gpm.; 5000 population, 2250 
gpm.; 10,000 population, 3000 gpm.; 
28,000 population, 5000 gpm., etc. A 
minimum of 1000 gpm. should be avail- 
able for fire protection in dwelling dis- 
tricts regardless of the size of the city. 
It necessarily follows that there are 
very few small towns where these 
amounts of water are available in either 
mercantile or residential sections, but 
in the larger cities the required amounts 
are generally available, for the large 
city must be in a position to supply 
peak loads which are in excess of the 
fire protection demands. It should be 
pointed out that on the average the — 
population of a city is directly propor- 
tional to the size and extent of the 
property to be protected. 

From a fire protection standpoint, a 
good water system should not only a 
such as to supply the water required — 
for fire protection and domestic con- _ 
sumption, but the system should be ae 
duplicate as much as possible so that _ 
its reliability may be increased. The 
N.B.F.U. Standard Schedule for Grad- 
ing Cities and Towns (published as a_ 
part of the October 1942 JouRNAL) — 
requires that, with the two largest ; 
pumping units out of service, there 
shall be sufficient pumping capacity re- _ 
maining to supply the required de-— 
mands. Such a condition is found to 
exist in the larger cities, but it is im-— 
possible, or at least impractical, in the 
smaller towns. Suction and discharge _ 
lines, filter capacity, sources of power, © 
etc., should be duplicated as much as 


Elevated storage is not only the most 
reliable source of supply, but permits a 
centrifugal pump, which is used in 
most towns, to operate only at inter- 
vals and at its maximum efficiency, 
whereas in a direct pumping system, 
pumps of the centrifugal type must 
operate at all times regardless of the 
consumption demand. The main feeder 
of a system should be of sufficient size 
to furnish maximum domestic con- 
sumption plus fire flow to the mercan- 
tile section at at least 20 psi. pressure, 
this figure being used in computing 
the amount of water available for 
pumper suction. Minor distributors, 
even along residential streets, should 
consist of 6- and 8-in. mains. In many 
of the smaller cities as much as 30 
per cent of the total length of mains 
are 4-in. It can be readily shown by 
friction-loss tables that 1000 ft. of 
4-in. dead-end main in the average 
water system will furnish only about 
one fire stream of 250 gpm. to a 
pumper. The gridiron should measure 
as nearly 600 ft. as possible on the 
long side of the block, and dead ends 
should be eliminated as much as pos- 
sible. 

A number of years ago in the aver- 
age small town there existed a_ so- 
called Holly water system where the 
pumping units were driven by steam. 
It was the practice in those days nor- 
mally to operate the pumps at from 
50-60 psi. pressure. In the event of 
a fire, the water works attendant ac- 
tuated a steam whistle for calling the 
volunteer firemen and boosted his pump 
pressure to 100 psi. This permitted 
the fire department to fight the fire 
with direct hose streams from the hy- 
drant, although in many cases where 
the distribution system was poor due 
to small mains and dead ends or where 
large quantities of water were required, 
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the 100-psi. pressure was insufficient 
for adequate hose streams; but another 
result was obtained, namely, after every 
fire the water department received calls 
from citizens that service connections 
and plumbing were leaking. In other 
words, a constant pressure at the water 
works regardless of what pressure js 
carried will show much less _ trouble 
than the raising of pressure every time 
there is a fire. In most cases the 
raising of pressure was unnecessary as 
80 per cent or more of the fires were 
extinguished by hand or tank chemi- 
cals, and it was not necessary to use 
the water system. With very few ex- 
ceptions, all Michigan cities having 
water supplies are provided with pump- 
ers in the fire department so that in 
general the raising of pressure is not 
required, providing the distribution 
system has been designed to furnish 
an adequate supply at 20 psi. pressure. 
This in general requires larger mains 
in the smaller cities although a well- 
designed distribution system should be 
able to deliver adequate water for fire 
protection, and in so doing, domestic 
consumption is well provided for. 

It is important to both the fire and 
water departments that they know how 
much water is available for fire pro- 
tection in different parts of the city, 
and this information can be obtained 
only by conducting flow tests through- 
out the city. Flow tests are not only 
valuable for determining the amounts 
available, but for proper control of 
water system improvements. 


Hydrant Control 


The making of flow tests and the 
marking of hydrants uniformly are 
recommended by all interested organi- 
zations. (See the A.W.W.A. Speci- 
fications for Uniform Marking of Fire 
Hydrants, reproduced at the end of 
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this paper. It is to be noted that the 
\.F.P.A. system of recommended 
painting varies only slightly in that the 
color yellow is designated instead of 
orange for Class B.) Although the 
flows indicated by the markings would 
be materially disturbed by change in 
consumption conditions and the open- 
ing of other hydrants in case of a large 
fire, they may be accepted as relative 
and furnish a fairly good measure of 
the capacity of the distribution system. 
As far as the author knows, only one 
city in Michigan—Kalamazoo—has 
conducted such tests. 

It is highly important that the fire 
department have an up-to-date map 
of the distribution system showing the 
size of mains and location of gate 
valves and hydrants so that the fire- 
men may have a relative idea of the 
weaknesses of the water system. 
There are a number of small towns in 
Michigan where the only record of the 
water department is a print which 
seems to be the personal property of 
the water works superintendent. Ade- 
quate records of all parts of the water 


system should be on file at the water 


office. 


Hydrant Maintenance 


In Detroit the fire department not 
only inspects and maintains, but ac- 
tually installs the hydrants. This 
method of operation is undoubtedly 
impractical in the smaller cities, and, 
as a matter of fact, most cities hold 
the water department responsible for 
the installation and maintenance of hy- 
drants. This may be done to the satts- 
faction of both departments by close 
co-operation, but sometimes it pro- 
duces a division of responsibility. 
There are a number of cases on record 
where fire departments have reported 
that certain hydrants were useless at 
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the time of a fire because they were 
found to be frozen or otherwise in- 
operative. If the fire department is 
assigned the duty of inspecting, espe- 
cially for freezing, and the defects are 
corrected by the water department, the 
latter is being held responsible for 
maintenance, and good results obtain. 
In any event, the co-operation between 
the two departments with respect to 
hydrant care should be well defined. 
Some fire departments carry valve keys ; 
however, the author believes that the 
opening or closing of gate valves should 
in general be left to the water depart- 
ment as its sole responsibility. In some 
cities there exist both right and left 
hand valves which may produce a com- 
plication. There are a number of cases 
on record where flow tests have indi- 
cated that there was an obstruction in 
the system and an investigation has 
shown that a gate has been closed, 
whereas it was supposed to have been 
opened. Detailed records should be 
kept of both hydrant and gate valve 
inspections so that a condition of this 
kind can be traced to the responsible 
person. 


When a frozen hydrant is found, it _ 
should be restored to service as rap-_ 
idly as possible. Time is a very im- _ 


portant factor for no one can foretell 
which hydrant will be operated at any 


given time. There are several ways to 
Rock salt has been 
used with good but very slow results. | 
Electricity has been used but it was not _ 


Hot water 


thaw a hydrant. 


suitable, being too slow. 
has been used and is still used in some 
of the smaller towns. Steam has been 


found the fastest and best means. — 
New York City has several of the _ 
steam thawing units in service and has 
found them the most practical. In _ 
deciding on the system of thawing to 
be used by the fire department or the 


= 


| 
— 
‘ient 
ther 
very 
calls 
ions 
ther 
ater 
is 
uble 
ime 
the 
y as 
vere 
mi- 
use 
e€Xx- 
‘ing 
np- 
in 
not 
‘ion 
ish 
Ire, 
‘ins | 
ell- 
be 
fire 
stic | 
|) | 
| 
ro- | 
he | 
ire | 
ci | 


water department, the officials must 
answer these questions: Is it effective 
and how fast does it operate? Re- 
member, fire will not wait! It will go 
crackling up the walls while the fire- 


men at the corner are cussing at the 
hydrant that refuses to be thawed. 


Auxiliary Water Supplies 

So-called static water supplies are 
used by most fire departments and must 
necessarily be utilized in the small 
town where there is no water system, 
but as a general proposition the use 

of a static water supply is not desir- 
able due to the presence of dirt, leaves, 
debris, etc. It takes very little foreign 
_matter to make a pumper inoperative, 
or at least it may be slowed down by 

_ leaves and trash caught i in the strainer. 

Some of this foreign material goes 
_ through the pump and in the case of a 
rotary pump, and to a lesser degree a 
centrifugal pump, it is harmful. It 
1s also a fact that a pumper taking 
supply from a river or cistern may 
pump into sprinkler equipment which 
might pollute the city supply. So, as a 
_ general rule, the fire department should 
be required to use the city supply as 
much as possible for extinguishing 
fires. It follows, however, that in case 
of air raids any available water supply 
should be utilized, and, moreover, it 
would be farsighted to provide for 
pumper landings and storage facilities 
so that the static supplies would be 
readily available. 

As a matter of fact, it can be proved, 
that, in general, the water distribution 
systems of the United States are much 
superior to those of Europe. It is pos- 
sible in many cities, especially in the 
larger ones, to supply a considerable 
amount of water through hydrants 
even if a 6-in. or smaller main is 
broken due to bombing. ‘- 
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It is also possible to utilize the water 
running from the break in some cases 
for pumper suction. This actually 
happened at Hickam Field in Hawaij 
on December 7, when a fire depart. 
ment pumper took suction from the 
bomb crater which was filled with 
water from a broken main. 


Program for Co-operation 


In conclusion, the program for se. 
curing closer co-operation between the 
Westchester, N. Y., fire and water de- 
partments is presented and the author 
personally recommends that all cities 
and towns work out a plan similar to 
we if they do not have one: 

. Adequate maps of the public 
water supply system showing hydrants, 
valves, sizes of mains and other per- 
tinent information shall be furnished 
by the local water works to the fire 
department. It shall be the duty of 
the fire department to acquaint its 
members with the information con- 
tained on the maps. In addition, the 
water superintendent shall furnish the 
fire chief with other information with 
respect to the water system that he 
believes the fire chief and certain of 
his key men should know but which 
should otherwise be kept confidential. 

2. A study as to pressure and 
amount of water available for fire pro- 
tection in all sections of the commu- 
nity served by the public water supply 
system shall be made by the fire de- 
partment with the assistance of the 
water department. 

3. Where possible, arrangements 
should be made to have a representa- 
tive of the water department answer 
all first alarms in the principal mercan- 
tile districts and all second alarms else- 


where. 
4. The fire departments of the 
county have already adopted a pro- 
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gram of standardization of hose and 
hydrant threads with special consid- 
eration as to the facilities available in 
neighboring counties. Each fire de- 
partment shall check its inventory of 
adapters to see that it has a sufficient 
number of all sizes and threads neces- 
sary on hand. Water departments 
should know the sizes and threads used 
in their neighboring communities so 
that they will be prepared to obtain 
water from adjoining communities 
where feasible by the hydrant to hy- 
drant method. 

5. All fire hydrants shall be suitably 
marked to indicate the volume of water 
available. The system should be agreed 
upon between the water department 
and fire department and shall be either 
the system of colors approved by spec- 
ifications such as those given at the end 
of this paper or should consist of hav- 
ing the size of the street main painted 
on the fire hydrant; or both systems 
may be used. 

6. Both departments should review 
jointly the possibilities of inter-com- 
munity hookups, both main to main 
and hydrant to hydrant. The fire 
chief should be acquainted with exist- 


ing emergency hookups. 
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7. A joint study should be made of 
the possibility of obtaining an auxiliary 
water supply by waterside approaches 
at points on rivers, streams, ponds, 
brooks, etc., where fire department 
pumping apparatus may be located (or 
sea hydrants installed). Consideration 
should be given to possible location of 
small dams or other devices to form 
pools or suction wells for fire depart- 
ment uses. 

8. The fire department shall be ad- 
vised that no auxiliary supply of water 
is to be pumped into any water main 
unless such action has been first ap- 
proved by the water department and 
health department. 

9. Shut-off keys for operating valves 
on street mains should not be fur- 
nished to the fire department. The 
operation of valves in a water system 
requires scientific knowledge of pres- 
sures, gates, etc., and the operation of 
such valves by the fire department 
might cause serious damage to the 
water system. 

10. A semi-annual routine inspection 
of all hydrants should be made to see 
that they operate freely and have suf- 
fered no damage. 

11. All chains shall be removed from 
hydrant caps. 
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_ Specifications for Uniform Marking of Fire Hydrants 


The American Water Works Asso- 
ciation, recognizing that the adoption 
of a capacity marking scheme by any 
water department is optional, herewith 
provides the following uniform color 
scheme for painting hydrants rated in 
terms of their relative capacity. 

1. Hydrants are classified as follows: 


PY 


att « 


Class A: Hydrants that on individ- 
ual test usually have a flow capacity of 
1000 gpm. or greater. 

Class B: Hydrants that on individ- 
ual test usually have a flow capacity of 

500 to 1000 gpm. 

Class C: Hydrants that on individ- 
ual test usually have a flow capacity of 
less than 500 gpm. 


Capacities are to be rated by flow 
“measurements of individual hydrants 
at a period of ordinary demand. 
When initial pressures are over 40 
psi. at the hydrant under test, the rat- 
— ing is to be based upon 20 psi. residual 
pressure, observed at the nearest hy- 
drant, connected to the same main, 
- from which no water is being drawn. 
When initial pressures are less than 40 
_ psi., residual pressures shall be at least 


half of the initial. 


2. The following is the capacity-in- 
_dicating color scheme: 
2.1 Public Hydrants: All barrels 


are to be painted chrome yellow except 
in cases where another color is desired. 


The tops and nozzle caps of the classes 
as outlined in Sec. 1 are to be painted 
as follows: 

Class B—orange a 

Class C—red. 

2.2 Private Hydrants: Within pri- 
vate enclosures, the marking is to be 
at the discretion of the owners. When 
in public streets, they should be painted 
to distinguish them from public hy- 
drants. 

3. All location markers for flush hy- 
drants should carry the same color 
background as stated above for class 
indication, with such data stenciled or 
painted thereon as may be deemed 
necessary. 

4. The colors shall signify only the 
approximate capacity of the individual 
hydrant as tested alone and not its 
capacity when more than one hydrant 
in the vicinity is in use. The marking 
of the hydrant is not to be considered 
as in any way guaranteeing the capac- 
ity indicated by the color. 


Class A—green 


Note: These specifications were adopted 
by the American Water Works Association 
at its 1937 Convention at Buffalo and were 
published in the April 1937 JourNaAL, p. 449. 

The standard color scheme duplicates, in 
essentials, similar plans adopted by the Maine 
Water Utilities Assn. in 1929, by the New 
England Water Works Assn. on March 21, 
1934, and by the National Fire Protection 
Assn. on May 14, 1936. " 
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By Earl L. 


HE value of auxiliary water sup- 
plies is not confined solely to their 
uses when some part of the regular 
system is put out of service or ren- 
dered inadequate through bombing in- 
cidents and other acts of the enemy, 
be considered to extend to 
Obviously 


but must 
all operating conditions. 
the need for auxiliary water supplies 
and the types best suited to care for 
such needs will vary among different 
cities, depending upon the nature of 
the regular source of supply (ground 
or surface), the number of production 
centers through which water can be 
supplied to the distribution system, the 
adequacy of sources of supply to meet 
maximum demands, the location of 
plants in relation to probable target 
areas, the number and capacity of pri- 
vate supplies which might be used in 
emergencies, the ability to get critical 
materials, the cost of the projects, and 
many other factors. The head of every 
water works knows the weak points of 
his system as far as normal operations 
are concerned and no doubt has made 
every possible effort to overcome these 
weaknesses in the most practical and 
feasible manner. In addition to these 
considerations, however, he should take 
A paper presented on April 21, 1943, at 
the Michigan Section Meeting, Ann Arbor, 
Mich., by Earl L. Holloway, Supt., Div. of 
Water Supply, Flint, Mich, 


for Emergency Service 


Holloway 


a most pessimistic view regarding the 
possible damage which could be in- 
flicted upon his water system in the 
event that it is subjected to bombing 
attacks and should determine how the 
needs of his city can best be supplied 
under such conditions. 

Before deciding what steps should 
be taken to provide an emergency aux- 
iliary water supply, an attempt should 
be made to visualize the damage that 
might be done to the treatment plant 
and pumping station in the event that 
the city is attacked by enemy planes 
carrying high explosive bombs.  Re- 
cent literature has indicated that water 
works stations in England have pretty 
generally escaped serious damage from 
bombing. Some engineers seem to 
feel that this fortunate circumstance 
may have been due to the location of 
many water works plants away from 
target areas, to the protection afforded 
by anti-aircraft guns clever 
camouflage. Norman J. Howard, writ- 
ing in the September 1941 issue of the 
JouRNAL,* has pointed out that, “with 
reasonable defense against air attack, 
the bombing . . . becomes a random 
activity, and, given this random bomb- 
ing, it is a matter of mathematical 
probability whether a water works sta- 
main will be hit.” This in-— 


and to 


tion or 


* Defense of Water Supply Works. Jour. 
A.W.W.A., 33: 1475 (1941). 
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formation 1S 
author still is of the opinion that the 
greatest possible precautions should be 
taken to protect each plant, as if it 


comforting, but the 


were the primary target of 
attack. 


enemy 


Program for Flint 


In Flint, Mich., it has been the earn- 
est desire of the water department 
- management to develop an emergency 
auxiliary water supply which could not 
easily be destroyed by enemy bombers 
and which at the same time would 
eliminate the danger of a shortage of 
water due to low river flows or lack 
of filter capacity, as well im- 
_ prove the quality of the water during 
_ periods of high temperatures and taste 
_and odor troubles, which have affected 
the regular source of supply periodi- 
' cally. All things considered, it seemed 

that the most practical way of accom- 

plishing the desired results was through 

the development of an underground 
well supply capable of producing, at 

least for short periods of time, 10 to 
12 mgd., i.e., approximately a third of 
-normal consumption. Such a supply 
would make it possible to improve the 
quality of the water delivered during 
periods of excessive taste and odor 
concentration and to lower the tem- 
peratures during periods of extremely 
hot weather. It would also make it 
possible to pump from the wells di- 
rectly into the distribution system, 
should demands exceed filter capacity, 
and to furnish at least minimum de- 
mands if the present plant were de- 
stroyed by enemy action. 

In planning for the auxiliary supply 
for Flint, studies were made of well 
supplies in and around the city and 
consultations were held with the State 
Geologist and with representatives of 
the State Department of Health. This 


as to 
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investigation indicated that, although 
the rock in the area contained a cop. 
siderable amount of water, the supply, 
when taken in large quantities, had 
such a high chloride content that jt 
was unfit for domestic and commercial 
purposes, even for short periods of 
time. It, therefore, became evident 
that if a suitable supply was to be 
secured, it would be necessary to locate 
channel gravel deposits of sufficient 
depth and area to yield the quantity 
of water desired. After an exhaus. 
tive study of wells in and around the 
city and consultations with numerous 
local drillers, together with some test 
drilling by the city, such a channel was 
located. The studies have not as yet 
been carried far enough to determine 
the full area of the channel or the 
maximum amount of water it will 
yield, but the area has been explored 
for a distance of approximately five 
miles with satisfactory results. 

The water-bearing stratum of sand 
and gravel varies in depth from 70 to 
130 ft. The quality of the water is 
good and results so far indicate that 
the quantity will be sufficient to fur- 
nish a satisfactory auxiliary supply. 
There is no assurance, of course, that 
it will be possible, during the war, to 
secure the necessary materials for de- 
veloping this supply, even if the quan- 
tity is sufficient, but at least the ground- 
work has been done and the depart- 
ment is ready to proceed as conditions 
permit. 


Other Development Methods 


There are, of course, many other 
methods of developing auxiliary sup- 
plies for emergencies which have been 
generally recognized by engineers in 
England and in this country. Most of 
these methods, including the use of 
private well and surface supplies, have 
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heen cliscussed adequately in recent 
literature, but a few merit further at- 
tention. In England, for instance, 
yaluable storage has been made avail- 
able by the use of basements of build- 
ings which have been destroyed by 
bombing or removed for other pur- 
poses. If protective plans contemplate 
pumping water from such surface sup- 
plies directly into the distribution sys- 
tem, approval should be obtained in 
advance from representatives of the 
State Department of Health and their 
recommendations as treatment, 
which will probably include heavy chlo- 
rination, should be followed rigidly. 
Such treatment should be carried on 
only under the supervision of compe- 
tently trained health officials, laboratory 
technicians or licensed water plant 
operators. 

The fire chief and water department 
superintendent in each city should 
make a co-operative survey of all such 
surface supplies in their city and de- 
velop plans for their maximum use 
should the need arise. Such plans 
should include the construction of 
driveways, piers or wharves at the 
most advantageous places, as such fa- 
cilities are necessary to permit the fire 
department to locate their pumping 
equipment where it can pump directly 
from such supplies. 

NBFU Recommendations 

The National Board of Fire Under- 
writers * has published the following 
information regarding the use of auxil- 
iary and static water supplies: 

“Where streams, rivers and ponds 
are available, the problem of obtain- 
ing an additional supply is not a serious 
one, and usually means the installation 


* Auxiliary and Static Water Supplies. 
National Board of Fire Underwriters Bul. 
No. 150 (Aug. 1942). 
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of pumps with adequate provisions for 
power and for men to operate the 
equipment. With such a source, how- 
ever, there is serious danger that the 
water is badly polluted and, as such, 
great care must be taken in its use to 
prevent the possible contamination of 
the domestic water supply. The Na- 
tional Board of Fire Underwriters has 
gone on record as opposing the use of 
inter-connections between a_ polluted 
supply and a normal city domestic sup- 
ply. We believe this idea should be 
upheld even under war conditions {[ital- 
ics ours|. This means that if the pol- 
luted supplies are to be used, an inde- 
pendent system of mains and hydrants 
should be installed and great care 
would have to be taken in regard to 
the use of both supplies for automatic 
sprinkler protection. The shortage of 
material makes such a secondary sys- 
tem out of the question in most cases. 
The answer is that piers or wharves 
should be provided to permit fire de- 
partment pumpers to take water direct 
from such sources and to deliver it 
through hose lines. 

“The ideal form of storage to inde- 
pendent plants and also for cities and 
towns is the elevated tank or the stor- 
age reservoir located on high ground. 
The storage reservoir is still a feasible 
proposition, but the elevated tank is 
practically out of the picture. It is 
still possible to get wooden tanks and 
it may be feasible to build concrete 
standpipes. 

“Under present conditions about the 
only form of local storage which can 
be obtained is that in tanks located on 
the ground and furnishing suction sup- 
ply to plant fire pumps with emergency 
connections by which fire department 
pumpers could take supply. In fact, 
any storage, whether elevated or 
ground, might well be provided with 
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a connection through which a fire en- 
gine could take supply. In building 
ground storage, it is preferable to have 
the normal water service a few feet 
above ground as otherwise the stored 
water might be polluted by seepage of 
ground water. 

“The real question to be considered 
is the size of this ground storage. A 
tank 10 ft. in diameter and 10 ft. high 
will hold slightly less than 6000 gal. of 
water, which means that it could fur- 
nish supply to a 500-gpm. pump for 
only 10 min. A tank 50 ft. in diameter 
and 10 ft. high can supply a 1000-gpm. 
pump for 23 hr. It is probable that 
this ground storage will be rectangular ; 
such storage, if 30 ft. by 50 ft. by 10 
ft., will hold 120,000 gal., which would 
permit a 1000-gpm. rate of delivery for 
2 hr. There are many plants where it 
would not be at all unreasonable to ex- 
pect four or five engines to be called 
into service, and it would not be at all 
unreasonable to expect a fire in such a 
plant to last five hours or more. Under 
these conditions, suction storage would 
have to be over 1 mil.gal., which would 
mean a reservoir approximately 300 ft. 
by 60 ft. by 10 ft. 

“In the recent construction of an air- 
plane factory, where adequate supply to 
a sprinkler system was desired and 
elevated storage was out of the ques- 
tion because of the danger to the fliers, 
a rather unique pressure tank was con- 
structed. This consisted of a sphere 
set on the ground and large enough to 
have a capacity of 100,000 gal. The 
actual water capacity was 60,000 gal., 
the remaining volume being taken up 
with compressed air under approxi- 
mately 80 psi. pressure. 

“In considering auxiliary water sup- 
plies, some thought must be given to 
the types and kinds of pumps which 
can be installed. The ideal would be 
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to provide diesel-engine-driven pumps, 
as these would give not only a reserye 
in pumping capacity, but also a source 
of power, as the normal pump would 
probably be electrically driven or steam 
driven. It is practically impossible to 
obtain diesel engines; a very satisfac- 
tory substitute is available in gasoline 
engines. In recent years, a number of 
manufacturers have developed centrifu- 
gal pumps which can be used with high 
speed automotive engines such as the 
Ford, Chevrolet and Chrysler. These 
pumps are connected direct to the en- 
gine and take up very little space. 
They have capacities of 500 to 600 
gpm. at 120 psi. pressure and can de- 
liver up to one-half their capacity at 
200 psi. pressure. They are simple in 
operation and have proved very de- 
pendable in connection with fire de- 
partment use. The principal trouble 
at the present time would be in get- 
ting delivery. These auxiliary pumps 
should not be placed in the plant nor 
in the same room with the regular 
pumps. This is partly to offset the 
danger of both classes of pumps being 
put out of service, but also because of 
the hazard introduced by the use of 
gasoline. A small metal-clad or ma- 
sonry building can be erected over 
the pumps and the building can be left 
without heat, although heat would be 
desirable. It is possible to use an anti- 
freeze solution in the cooling water of 
the engine.” 
Francisco Supplies 

San Francisco has probably devel- 
oped the use of cisterns and swimming 
pools for auxiliary water supplies to a 
greater extent than any other American 
city. The value of underground stor- 
age cisterns in this city was indicated 
in the 1906 conflagration, for it is be- 
lieved that the availability of such a 
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reserve supply, at that time, in the dis- 
tricts attected by the earthquake, would 
have enabled the fire department to 
extinguish the various fires in their in- 
cipient stages and, thus, to prevent the 
conflagration. Plans to prevent a re- 
currence of this conflagration provided 
for the installation of a cistern water 
supply and a separate system of high- 
pressure mains for fire protection ; and 
the adoption and carrying out of these 
plans made the city almost unique 
among American municipalities in hav- 
ing available a bomb-proof system of 
fire protection.* 

Actually, the history of the San 
Francisco cistern system antedates by 
more than fifty years its development 
alter the 1906 conflagration. Prior to 
1852, when the city was first being de- 
veloped, brick and lumber underground 
cisterns were used for fire protection, 
as the public water supply was not ade- 
quate for this purpose. During the half 
century following 1852, 66 brick cis- 
terns, with storage capacities of be- 
tween about 9000 and 90,000 gal. were 
constructed, mainly in the northeastern 
section of the city. 

The value of these cisterns apart 
from the regular supply was not appre- 
ciated, however, so when the city water 
supply system was improved and en- 
larged to include the placement of many 
hydrants on the water mains through- 
out the built-up area, the cisterns were 
neglected. In time they became filled 
with debris and their locations were, in 
many cases, forgotten. 

In 1908, and again in 1933, the citi- 
zens voted to construct an auxiliary fire 
protection system entirely independent 
of the domestic supply. Total bond is- 
sues authorized for this construction 


* The following information was abstracted 
irom: Casey, JoHN J. Emergency Cistern 
Supply. W.W. Eng., 95: 658 (1942). 
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amounted to $7,200,000, the greater 
part of which was used to construct the 
separate high-pressure system. A por- 
tion of the money, however, was di- 
verted to redevelop the cistern supply. 

With this money, 51 of the 66 neg- 
lected brick cisterns were repaired and 
restored to duty and a number of new 
ones constructed. Storage capacities 
of the restored cisterns ranged from 
8600 to 95,000 gal., with a total com- 
bined capacity of 1,651,000 gal. The 
new cisterns were constructed of rein- 
forced concrete, after a standard design, 
each having a capacity of 75,000 gal. 
They are circular in shape, with an in- 
side diameter of 30 ft. and vertical side 
walls 10 ft. high. They have saucer- 
shaped bottoms which dip down 3 ft. 
in the center and their domes rise 5 ft. 
At the center of each dome and at one 
side of each dome are located 2-ft. cir- 
cular manholes over which iron covers 
are placed at street surface. 

To utilize the water in these cis- 
terns, a suction hose is dropped through 
a manhole and connected to a fire 
pumper. At least two pumpers can 
operate at any cistern with a suction 
hose in each manhole. The cistern 
supply will provide more than an hour's 
supply for two pumpers, each drawing 
500 gpm. 

No pipe connections to the cisterns 
have been made, so that they are free 
to move with the earth as self-contained 
units, hose lines being used to fill them. 
An incident during the construction 
of the cisterns proved the value of this 
provision, when, due to a rainstorm, 
one of the cisterns was floated six feet 
off its foundation. When this unit later 
settled back on the foundation no in- 
jury or leakage was discernible. 

The cisterns have been located at 
street intersections and their locations 
indicated on the surface by a 30-it. 
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diameter ring of basalt blocks set in 
the pavement. As far as possible, the 
system has been laid out to place them 
not more than 1000 ft. apart. In the 
construction, ground conditions at each 
location were studied and special de- 
signs made to fit these conditions as 
necessary. Specific locations were also 
- adjusted to minimize the disturbance 
of existing underground utilities. 
- Construction costs for the new rein- 
forced concrete cisterns have averaged 
~ about $6000 each. Of the new cisterns, 
85 were financed by the bond issue ap- 
proved in 1908. One was later con- 
_ structed from budget funds in 1921 and 
20 were financed by the bond issue of 
— 1933. All but three of the cisterns are 
located within an area of 20 sq.mi. 
_ The combined storage capacity of the 
106 concrete cisterns is 7,950,000 gal., 
_ which, added to the capacity of the re- 
stored units, gives the city a total 
cistern storage capacity of 9,601,000 
gal. 

In addition to its cistern supply, San 
Francisco has installed connections to 
two swimming pools having a total 
capacity of 280,000 gal., to be used as 
a reserve supply for fire protection pur- 
poses. At the civic center, a cistern 
and fountain basin storage of 335,000 
gal. is also available for fire fighting 
and on private property, one reinforced 
concrete cistern of 75,000 gal. capacity 
is available for such use. 

Over and above this static supply, 
the city now has a separate high-pres- 
sure fire system, financed by the greater 
part of the $7,200,000 in bonds author- 
ized by the voters in 1908 and 1933. 
This system was placed in service in 
1913 and covers an area of slightly 
more than 14 sq.mi., which includes the 
entire congested value district, practi- 
cally all important mercantile and in- 
dustrial areas and many closely built 
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frame residential districts in the north. 
eastern part of the city. 

The fire protection distribution sys. 
tem is constructed of cast-iron mains 
and is used exclusively to supply the 
hydrants on the line. The supply nor- 
mally is taken by gravity from two 
tanks at moderate elevations. A stor. 
age reservoir at high elevation is ]o- 
cated southwest of the area served by 
the system and is used to replenish the 
tanks or to increase pressure in the 
mains. Two pumping stations, one 
northwest and one southeast of the 
area, draw their supply from San Fran- 
cisco Bay and are held in readiness for 
emergency use. In addition, six mani- 
folds through which fireboats can pump 
water into the system are also main- 
tained. 

The 11-mil.gal. supply reservoir is at 
an elevation of 759 ft. above sea-level. 
The two storage tanks have a combined 
capacity of 1} mil.gal. and are located 
at elevations of 494 and 369 ft. Each 
pumping station is equipped with four 
4-stage turbine pumps, driven by steam 
turbines and capable of delivering 3000 
gpm. against a head of 300 psi. 

In addition to these two auxiliary 
water supply systems for fire protec- 
tion, San Francisco has several sepa- 
rate sources for its public water supply, 
making it foremost among American 
cities in its potential ability to combat 
the fires that will be caused if enemy 
bombing occurs. 1 


Inventory of Possibilities 


As was pointed out previously, many 
English cities have developed auxiliary 
emergency water supplies by convert- 
ing the basements of buildings demol- 
ished by bombing attacks. Probably 
not many American cities now have 
basements which could be used for such 
purposes, but every manager or super- 
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intendent of a water department should 
hecome familiar with what was accom- 
plished in England and should be pre- 
pared to benefit by this experience if 
bombings occur in this country. 

Many cities have available industrial 
supplies which can be utilized for fire 
fighting or for domestic purposes in the 
event that the municipal supply is dam- 
aged by enemy action. Every such 
possibility should be thoroughly ex- 
plored, and the approval and recom- 
mendations of the State Department 
of Health obtained. If the supply is 
approved for pumping into the dis- 
tribution system and the operating 
characteristics of the pumps, relative 
to capacity and pressure, warrant such 
action, plans should be developed and 
the necessary materials secured to make 
such physical connections. 

It is advisable to take an inventory 
of all pumping facilities, particularly of 
portable pumps, owned by industries, 
contractors, highway commissions, etc., 
and to make a record of the capacity, 
operating pressure, physical condition 
and other pertinent information, as well 
as to note the best possible use to which 
such equipment might be put in an 
emergency. 


Health Considerations 


In the effort to provide emergency 
auxiliary water supplies, the health of 
the citizens of the community served 
should always be considered of first im- 
portance. The State Department of 
Health’s regulations should be com- 
plied with fully, and if, in the surveys 
of private pumping facilities, cross- 
connections which do not comply with 
these regulations are found they should 
be eliminated without delay. In Michi- 
gan, health regulations provide, among 
other things, that: 


“No physical connection shall be in- 
stalled or maintained between lines car- 
rying a potable public supply and pipes, 
pumps or tanks supplied or possible of 
being supplied, from any non-potable 
source. Where dual supplies are neces- 
sary or desired, lines carrying water 
from the public supply must be pro- 
tected against back-flow of polluted wa- 
ter by means of an atmospheric gap of 
not less than six inches. This may be 
accomplished by an elevated tank with 
or without booster pump or a reservoir 
from which water is pumped. In every 
case, the inlet line to the tank carrying 
potable water shall discharge at least 
six inches above the maximum possible 
high-water level of the tank or reser- 
voir as the case may be. 

“Service connections between a pota- 
ble public supply and a potable private 
supply are permissible with the follow- 
ing provisions : 

A. That the approval of the owners 
of the potable public supply and the 
Michigan Department of Health be ob- 
tained in writing. 

B. That the quality of the private 
supply be under the supervision of a 
laboratory. For a well water supply, 
at least one bacteriological sample shall 
be analyzed each month from each 
source of supply. For a treated sur- 
face water supply, daily tests by a lo- 
cal laboratory shall be made. 

C. That regular inspections of the 
service connections and collection of 
water samples for bacteriological ex- 
amination shall be made by those in 
charge of the potable public supply to 
which the connection is made, or by 
the local health department. 

D. That, if the potable private sup- 
ply is from wells, their construction = 
location shall meet the minimum re-— 
quirements of the Michigan Depart-_ 
ment of Health as set forth in Engi- | 
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neering Bulletin No. 19 on ‘Well Water 
Supplies for Municipalities.’ 

E. That the connection shall be pro- 
vided with at least one gate valve and 
one swing check valve so arranged that 
the check valve may be tested for leak- 
age by means of a drain valve. The 
specifications for the gate and swing 
check valves shall be those prepared by 
the Associated Factory Mutual Fire 
Insurance Companies, Boston, Mass.” 


Reserve Equipment and Supplies 


All available chlorine equipment and 
chlorine stocks in the local community 
should be located and cataloged. The 
capacity and type of equipment should 
be listed and plans developed for its 
possible use in case of an emergency. 
Such equipment may be found at swim- 
ming pools, sewage disposal plants, pa- 
per mills and other industrial plants. 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION 


V ol. 35 


All plans for the use of emergeng 
water supplies should be developed 
with the fullest co-operation of the 
local and state health officials and the 
fire chief. In Flint, plans provide that 
in the event of failure of all, or , 
portion, of the municipal supply, 
the Health Department will assume 
responsibility for delivering potable 
drinking water to the citizens. This 
is particularly desirable because jj 
private wells in the city are under the 
jurisdiction of the Health Departmen 
and because of their contacts with daj- 
ries and private bottling works an¢ 
their knowledge of how properly t 
sterilize tank wagons to make them 
safe for delivering potable water. Such 
a plan also leaves the Water Depart. 
ment free to devote all its energies tp 
restoring the municipal supply to nor. 
mal operating conditions. 
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al Relative Resistance of Coliform Organisms and Certain 

This Enteric Pathogens to Excess-Lime Treatment 
By Elsie Wattie and Cecil W. Chambers 
| 
h dai HE use of the excess-lime method organisms in 5 hr. when 1 gpg. was 
S and in water purification has been tried — added and 100 per cent in 5 hr. using 


rly to} 2 many cities with very satisfactory 
them} results. A study was made by Hoover 
Such} (1) of results obtained in six Ohio 
cities using this method. The average 


epart- 
ries ti hacterial load of the raw water of these 
cities was 2274 Esch. coli per 100 ml.; 


this was reduced to an average of 0.6 
Esch. coli per 100 ml. using the excess- 
lime method, with a contact period 
varying from 3.5 to 23.2 hr. The im- 
portant factors noted by Hoover as 
governing this method of water sterili- 
zation were: (1) the quantity of ex- 
cess lime used; (2) the time of reaction 
or contact period; and (3) the quan- 
tity of mud and organic matter and 
the number of bacteria present in the 
raw water. At the Ohio plants studied, 
where lime was added in_ sufficient 
amounts to produce a hydrogen ion 
concentration greater than pH 9.5, 
Esch. coli were not found in 50-ml. 
portions; but, with a pH of less than 
9.5, Esch. coli were found in all sam- 
ples, except one, in the 10-ml. portions. 
The excess-lime treatment was found 
to kill 99.93 per cent of the coliform 
A contribution by Elsie Wattie, Assoc. 
Bacteriologist, and Cecil W. Chambers, Jr. 
Bacteriologist, U.S. Public Health Service, 
Stream Pollution Investigations, Cincinnati. 
From the National Institute of Health, 
Div. of Public Health Methods, Stream 
Pollution Investigations, Cincinnati. 


3 gpg. Laboratory experiments con- 
ducted showed that this treatment was 
effective when Eberthella typhosa or- 
ganisms were present in the raw water, 
but no specific results were given. 

Streeter (2) studied the efficiency of 
the excess-lime method by comparing 
the parallel results obtained using a 
raw water with and without the addi-_ 
tion of lime, the treatment otherwise 
being the same—consisting of coagu-— 
lation, sedimentation, rapid sand filtra- 
tion and post-chlorination. The aver- 
age Esch. coli index of the “lime-— 
treated” applied water was 624 per 
100 ml. with a pH of 10.2 and for the — 
“untreated” applied water, 3530 per _ 
100 ml. with a pH of 6.7. The raw | 
water had an initial coliform index of | 
29,700 with a pH of 7.3. Greater re-. 
ductions were observed in the total 
numbers of bacteria present per milli- 
liter. Streeter concluded that the num- — 
ber of bacteria in the raw water dimin- 
ished progressively with the increased 
amounts of causticity, not only in the — 
applied water, but also in the filtered — a 
and chlorinated waters, and that the 
bacterial efficiency of the excess-lime 
process as a whole was definitely re- — 
lated to the intensity of the treatment. — 
The use of the excess-lime method as — 
a means of disinfecting water appeared 


to be more difficult to control and less’ a 


WORN 7 
if 
; 
3 


a 710 JOURNAL—-AMERICAN WATER WORKS ASSOCIATION Vol % 


consistent in its daily results than the 
use of chlorine, but was found to aid 
in purifying polluted hard waters. 
Various Ohio water purification 
plants treating waters with a _ wide 
range of hydrogen ion concentrations 
were selected for study by Scott and 
McClure (3). The amount of lime 
used at these plants varied from an 
amount sufficient to produce complete 
lime softening to zero. The results 
show Esch. coli to be absent from the 
50-ml. portions from plants with waters 
of low hydrogen ion concentration (pH 
10.44~-9.29), but present in the 10-ml. 
portions from waters of higher hydro- 
gen ion concentrations (pH 7.35- 
9.14). Temperature changes had a 
marked effect ; for example, a tempera- 
ture increase from 8°C. to 27°C. 
shifted the lethal pH from 10.32 to 
9.89. It was concluded that a pH of 
10.0 to 10.3 was sufficient to provide 
a reasonable margin of safety with the 
limiting value in the neighborhood of 
pH 9.5. Hoover (4) states that a 
natural water treated with the theo- 
retical amount of lime required to 
soften it will have a pH value of ap- 
proximately 9.5, the limiting value 
given by Scott and McClure. During 
flood and high water conditions at 
Columbus, Ohio, chlorine treatment 
was discontinued and excess-lime treat- 
ment used, with a caustic alkalinity of 
20 ppm. in the filtered water. 
Edwards (5) reported that the Ohio 
_ River raw water supply for the city of 
Ironton, Ohio, contains industrial 
2 wastes as well as sewage pollution. 
ppm. causticity a decided reduction in 
the bacterial population was noted. 
— The Esch. coli index was reduced from 
20,000-40,000 per 100 ml. to approxi- 
= mately 100 per 100 ml. An increase 
in turbidity of the raw water lowered 


; the efficiency of bacterial removal in 


When lime was added to give 20-25 


the primary settling basin. No trouble 
has been experienced due to the pres. 
ence of algae since the initiation of 
excess-lime treatment. 

The suspension of the use of chlorine 
and the substitution of excess-lime 
treatment at Cincinnati, Ohio, was 
reported by Bahlman (6) as being a 
result of the presence ot taste-produc. 
ing industrial wastes in the raw water 
Bahlman concluded that it was no 
necessary to reach the caustic point to 
produce water free, or practically free 
from Esch. coli. Such waters were 
produced by converting 50-80 per cent 
of the bicarbonates in the filtered ef. 
fluent into monocarbonates or by at. 
taining a pH of 9.4 to 9.5. Such re. 
actions gave markedly better Esch. col 
removals than pH 9.0—9.3, with onl 
30-45 per cent of total alkalinity pres. 
ent as normal carbonates. 

The use of excess lime as a steriliz. 
ing agent which avoids phenolic tastes 
that would be accentuated by the use oj 
chlorine has been studied by various 
water plant operators. Edwards (7) 
reports that the use of lime at Ironton, 
Ohio, has reduced the bacterial con- 
tent and prevented excessive load 
upon other purification processes an¢ 
has effected a degree of bacterial re 
moval great enough to permit mini 
mum chlorine application at times 
when phenols are present in tlie raw 
river water. At Youngstown, Ohio 
the use of lime was studied by Van 
Arnum (8), who states that the us 
of lime improves coagulation and _ per 
mits the use of smaller alum doses 
He points out too that lime is useful 
to precipitate the large amounts of iron 
contained in the raw water and t 
neutralize the free mineral acids pres 
ent, as well as acting to prevent cot 
rosion under high acid conditions 
Finally, he reports that, when lime wai 
used as a sterilizing agent, phenols 
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astes, accentuated by chlorine, were 
avoided. 

The information obtained from this 
brief survey of the literature suggests 
quite clearly that the excess-lime 
method of water treatment might be 
substituted for pre- and or post-chlo- 
rination, without a marked loss in bac- 
yericidal efficiency. As the possibility 
ofa chlorine shortage, or of conditions 
in which chlorine would not be avail- 
able, appear to be indicated, it seemed 
pertinent, in connection with the stud- 
ies in progress at the Stream Pollution 
Investigations Laboratory at Cincin- 
nati, to investigate the bactericidal effi- 
ciency of a number of agents and proc- 
esses. Accordingly, laboratory tests 
were instituted to determine the bac- 
tericidal efficiency of the excess-lime 
method of water treatment as exhibited 
against the common water-borne path- 
ogens and the standard indicator or- 
ganisms—the coliform group. This 
report presents the information which 
has been obtained concerning this phase 
of the study. 


Methods 


For a standard suspending medium, 
de-chlorinated tap water was prepared 
by adding a sufficient amount of sodium 
sulfite (Na.SO.) crystals to neutralize 
any residual chlorine present and steri- 
lizing the water by autoclaving in &- 
liter serum bottles. Liter portions 
were aseptically transferred to sterile 
liter flasks fitted with rubber stoppers 
and paper caps. Control were 
made for residual chlorine 
either as chlorine or chloramine, and 
also for any excess of Na,SO, present. 
A saturated solution of calcium hy- 
droxide (Ca(OH),) added, in 
the following amounts, to a series of 
six flasks: 0.0 ml., 8.5 ml., 13.0 ml., 
Similar 
the sterile de-chlorinated 


tests 
present, 


Was 
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water were previously removed from 
each of the corresponding flasks in or-— 
der to maintain an equal final volume — 
in all flasks. A bacterial suspension 
was prepared using the growth from 
an agar slant, incubated at 37°C. for. 
24 hr., of the organism being studied. 
The bacterial suspension was prepared Pl 
in such a manner that it would contain 
approximately 1,500,000 organisms per — 
1 ml., thus giving, when 1 ml. of this 
suspension was added to each of the 
liter portions in the test flasks, an _ 
initial bacterial population in the flask 
of about 1500 per ml. 

After thorough mixing (about 1_ 
min.) total bacterial counts were made _ 
by planting a series of agar plates; — 
and a portion was removed for hydro- 
gen ion and alkalinity determinations. — 
When the test organism was a patho- © 
gen, the portion to be used for the pH | 
and alkalinity determination was re- — 
moved before the culture was added. — 
In such experiments, only 500 ml. of — 
water, instead of 1 liter, was used, 
other factors being reduced accord-— 
ingly. Bacterial examinations were _ 
made at various time intervals, usually 
at the start and after 1, 30, 60, 120 
min. and thereafter at hourly intervals va 
up to the tenth hour. All experiments 
were carried out at room temperature 
(20°-25°C.) except in a few instances 
when tests were made at low tempera- 
tures (0°-1.0°C.). These instances 
are noted herein as presented. 

In a few of the early experiments the 
saturated lime solution was sterilized 
and introduced aseptically after adding 
the bacterial suspension. This practice 
was later omitted and raw Ca(OH), 
was used exclusively because the tests 
revealed that no interfering organisms 
were present in the lime solution and 
that sterilization reduced its bacteri- 
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cidal power to a marked degree with- — 
out a proportionate decrease in pH. 
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used, one of which had been isolated 
from feces. The water-borne, ques- 
tionable pathogenic group was repre- 
sented by two strains of Ps. pyocyaneus. 
The true intestinal pathogens were 
represented by two strains of Eber- 
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Several strains of pathogenic and thella typhosa—one isolated from sew. tered t 
non-pathogenic bacteria were selected age and giving all of the typical reae§ produc 
for this study, including four strains of — tions of this group and the other jso.f specif 
Escherichia coli, two of Aerobactor lated from blood of a case clinically} The 
aerogenes, two of Pseudomonas pyo-  typical—and by two strains of S/igelia} total 
cyaneus, two of Eberthella typhosa and — dysenteriae, both isolated from feces} made | 
two of Shigella dysenteriae. The four during an epidemic which occurred} gation: 
strains of Esch. coli were all typical, during the previous year. — q co-Ope! 
100 
2 3 
SFA 
7 
90 H a 2 
47 
K 8 2 
\ 2 80 
\ \ N ——— DEATH RATE AT pH 9.01-9.5 70+ 
70} 9512100 | 
> FIGURES BY PLOTTED POINTS 60 
> 60 TI | INDICATE NUMBER OF TESTS |) 5 
\ INCLUDED IN AVERAGE o 
w 50 H \ | < 
= 
< \ _N8 z 
z 
a \ : 
\ \ 
59? 30 
10 \ 
20 
2 a 
\ 9 
\ 
10 
49 — o=—= 
0 1 2 3 4 5 5 7 8 9 0 
TIME IN HOURS 
Fy 
Fic. 1. Average Death Rate of Esch. coli Strains at Various pH Ranges 
of the s 
isolated within the last few vears. Two Colonies which developed from sur§centratn 
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cent kill, were picked from the plate checked 
to appropriate media for confirmatiomapparat 
of the specific organism being studiedgquent d 
This was carried out in all experimentgardized 
as a check on contamination and to deflinity v 
termine if the excess-lime treatment al4)tandar, 
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tered the ability of the test organism to 
produce the typical reactions of the 
specific group. 

The hydrogen ion concentration and 
total alkalinity determinations were 
made in the Stream Pollution Investi- 
gations Chemical Laboratory, which 
co-operated throughout in this phase 
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Results 

The basic data obtained in this study 
have been compiled in a series of tables. 
For convenience in studying the results 
and to show more clearly the trend of 
the average results, the basic data are 
presented here in the form of graphs 
and summary tables only. 


The hydrogen ion con- 
centrations were determined electro- 
metrically. These readings were 
checked frequently on another similar 
apparatus and were controlled by fre- 
quent determinations made on stand- 
ardized buffer solutions. Total alka- 


of the study. 


fliinity was determined according to 


Standard Methods (9) procedure. 
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In presenting graphically the data 
obtained, it was found convenient to 
treat the data in groups, by establish- 
ing a series of pH ranges. This was 
necessarily the case, as it was not pos- 
sible to reproduce exactly (without 
prolonged manipulation, which would 
require time and interfere with the 
results of the tests) a given pH by the 
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addition of one measured volume of and pH 11.01-11.50 for Group yj Fig. 1. 
the saturated lime solution. Conse- Curve V. This grouping arrangemerg death 1 
quently, for the graphical presentation, necessarily means that some points the 10: 
the results were grouped as follows: considered in separate curves might bef hydrog 
; Any result obtained from a sample very close to each other in pH values} pH 9-' 
_ with a pH in the range of 9.01 to 9.50 for instance, a result from pH 9.5 pH ra 
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7 sults obtained from samples with a pH arrangement seemed essential and alf (Grouy 
in the range 9.51-10.00 were placed in data presented’in all figures have bees the de: 
Group II and determined the trend of | considered in this manner. Groups 
Curve II; the range pH 10.1—10.50 The results obtained with the fouw}A poss 
constituted a I11, Curve III; pH © strains of Esch. coli using the metal the ten 
-10.51-11.00 for Group IV, Curve IV; outlined are presented graphically inthe eig 
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V} Fig. 1. It is noted that the Esch. coli 
nenf death rate is decidedly slow throughout 


| pH 9.01-9.50 (Group I) and i 


¥ group. 
(Group III), 


the 10-hr. period of observation in the 
hydrogen ion concentration range of 
in the 
pH range 9. 51-10.00 (Group II) up 
After the sixth hour 


OF EXCESS LIME 
10.51—11.0 (Group IV) and in the pH 
range 11.01—11.50 (Group V), there is 
a sudden drop - Esch. coli numbers 
during the first 2-3 hr. This is more 
marked with the decrease of acidity in 
Group V, but this decrease gradually 


there appears to be an acceleration in 
the Esch. coli death rate in the latter 
In the pH range 10.01—10.50 
there is an incr in 
the death rate over that observed 

Groups I and II after the third hour. 
A possible exception may be noted in 


“ase 


jthe tendency toward a slight lag after 


the eighth hour. In the pH range 
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values up to 11.0 and after the second 
hour with pH values up to 11.5. 
Data on the results obtained with 
the two strains of Aer. aerogenes are 
shown in Fig. 2. With these organisms 
much slower death rates were obtained 
in all pH ranges than were observed 
with the Esch. coli organisms studied. 
No observations are nen with Aer. 


| 
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aerogenes in the pH range of the high- 
est acidity, pH 9.01-9.5 (Group I), as 
this range was not effective with this 
organism. With Aer. aerogenes a def- 

_ inite lag in the death rate was observed 
_ during the first few hours of the ex- 
periments, as was suggested in the 
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duce a hydrogen ion concentration jp 
the range of pH 9.01-9.50. In each gj 
the four higher pH ranges obtained 
however, there was a marked kill of 
Ps. pyocyaneus during the early Stages 
of each test. This rate continued unti 


5. 


1 the range of pH 10.51-11.0—much 
| vher than found with Esch. coli as 
test organism. 

much more rapid death rate in all 
the »H ranges studied was obtained 
with ‘he two Ps. pyocyaneus strains. 
Unfor. ‘nately the amounts of lime so- 
lution a. “ed in the tests did not pro- 


: about a 95-per cent kill had been ob. 
Esch. coli results ; but this lag extended _ tained. Then, a very gradual decrease 
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Average Death Rate of Shigella dysenteriae at Various pH Ranges 


in the rate of kill was obtained in al! 
cases. The results obtained with Ps. 
pyocyaneus as the test organism are 
shown in Fig. 3. 

The results obtained with the tw 
strains of Eberthella typhosa are pre 
sented in Fig. 4. From these curves tt 
is noted that, for the pH ranges 9.01- 
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m inf 9.50 and 9.51-10.00, there is a slight ual decrease. A 100-per cent kill is 
ch off jag in the death rate for an hour or — obtained in the pH range 10. 51-11.0 in , 
ined} two at the start, but, that, thereafter, about 240 min. and in the pH range - 
ill off the death rate increases and continues 11.01-11.50 in 120 min. ; 
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Ps} min. of exposure, followed by a more and 10.01—10.50—however this rapid 
are} gradual decrease until a 100-per cent rate of kill decreased after 2}—4 hr. | 
kill is obtained in about 460 min. In and, thereafter, a more gradual death | 
wo} the two higher pH ranges—10.51-11.0 rate ensued. In the next higher pH 
re} and 11.01-11.50—there is a very rapid range—10.51-11.00—a_ 100-per cent 
sit} decrease of viable organisms during kill was obtained between the second = 
M-} the first hour, followed by a more grad- and third hour and in the pH range 


~11.01-11.50, 
found after 75 min. 
presented in Fig. 5. 


no living organism wi 
The results ai 


-cess-lime treatment was 
also at a lower temperature (O0°-1.0°C. 
with one strain of Esch. coli and th 


strain of Eberthella typhosa isolate: 


The bactericidal efficiency of the ex 
determine: 
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Case at Various pH Ranges at 0°-1.0°C. 


from the blood of a clinically typical 
case. The results obtained using Esch. 
coli are shown in Fig. 6. The Esch. 
coli death rate is not as fast in water 
of parallel pH values at this lower 
temperature as it was when the tests 
were carried out at room temperature. 
(This i is definitely shown in each of the 


and at 20°-25°C. 


the fifth hour, with only a 10-per cent 
kill at the end of the ninth hour in the 
pH range 9.51-10.0, while in the pH 
range 10.01-10.50 this lag persisted 
only about 180 min. In the same pH 
ranges at room temperature, a corre- 
sponding lag in the death rate was ob- 
served up to about the third hour and, 
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ex. 
the pH range 11.01—11.59 
at 20°-25°C., a 100-per cent kill was 
while in the same 
or- 
ganisms were present at the end of 9 
In the results at the lower tem. 
perature there was a decided lag up to 
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thereaiter, there occurred a marked 
acceleration in death rate not observed 
at the lower temperature. 

The differences in the death rate 
produced by temperature variations 
when the Eberthella typhosa strain 
was the test organism, though of the 
same general nature as observed with 
Esch. coli, were not so marked. This 
organism had a tendency to “hang on” 
after a high percentage kill had been 
obtained. The results of this test are 
shown in Fig. 7 and the time required 
to obtain a 100-per cent kill of the two 
organisms studied at low temperature 
ispresented in Tablel, 
TABLE 1 


Time Required to Obtain 100-per cent Kill of 
Esch. coli and Eberthella typhosa When 
Exposed to Various pH Ranges at 
0°-1.0°C. and at 20°-25°C. 


Time, in min., to Obtain 100-per cent 
Kill With: 


Eberthella typhosa 


pH Range Esch. coli 
at: at: 

20? 28°C. 0°-1.0°C. 20°-25°C.| 0° 1.0°C. 
9.01-9.50| — | — >600 | 
9.51-10.0 >600 | >600 540  >600 
10.01-10.5 520 | >600 290 | >600 
11.01-11.5 210 355 | 75 270 
11.51-12.0 vas 180 | 50 85 

| 
Discussion 


Data have been presented to show 
the death rates of coliform bacteria 
(Esch. coli and Aer. aerogenes), one 
of the Pseudomonas genus (Ps. pyo- 
cyaneus) and two species of enteric 
pathogens (Eberthella typhosa and 
Shigella dysenteriae) when exposed to 
varying hydrogen ion concentrations 
as produced by excess-lime treatment, 
carried out at room temperatures. The 
relative resistance of these organisms 
to such treatment processes is of major 


BACTERICIDAL EFFICIENCY OF EXCESS LIME ho 


719 


importance in selecting a criterion for 
determining the sanitary quality of a 
water supply. In an attempt to show 
their relative resistance more clearly, 
the data of Table 2 have been compiled. 


TABLE 2 
Time Required to Obtain a 100-per cent Kill 
With Excess Lime at Various pH Ranges 
With Indicated Organisms 
(Tests Carried out at Room Temperature) 


re 


Time, in min., to Obtain 100-per cent 
Kill With 


pH Range | 
Aer. | Ps. Eber- | Shigella 
aer- pyo- thella | dysen- 
ogenes |cyaneus| typhosa| teriae 


Esch. | 


coli 


9.01-9.50 | >540, — — >540 


9.51-10.0 | >600) >600) 420 | >540 | 
10.01-10.5 | >600) >600| 300 | >540) >300 
10.51-11.0| 600) > 540 | 240 240-180 

11.01-11.5) 300) >600| 120 120 75 


In this connection it should be borne — 
in mind that in these tests an attempt — 
was made to keep the initial concentra-_ 
tion of each test organism at about the 
same number of organisms per milli- 
liter (1000-1500). Consequently, the | 
percentage survival of the pathogens 
and the coliform organisms are con- — 
sidered here on an equal basis of in-— 
itial concentration, whereas in natural 
waters the Eberthella typhosa are out- — 
numbered by the coliform organisms — 
by approximately 10,000-100,000 to 1. 
as estimated by Kehr and Butterfield — 
(10). Thus, under natural conditions 
it would be reasonable to assume that — 
the Eberthella typhosa content would — 
be reduced below the range of an in-— 
fective dose long before the coliform — 
organisms had been similarly reduced. | 
Consequently, under some conditions, — 
safe waters might be produced by pH © 
ranges of 9.51-10.00 or 10.01-10.50_ 
during a 4-6-hr. contact period. 

In Table 2 only the time in minutes — 
required to obtain a 100-per cent kill 
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is presented. It is noted that the time 
required to obtain a 100-per cent kill 
for members of the coliform group of 
bacteria, at the various pH _ values, 
exceeds the time required for a 100- 
per cent kill of the pathogenic organ- 
isms studied, at the pH values of 10.0 
and above. This would indicate that 
using the coliform group as a criterion 
for judging the safety of a water sup- 
ply treated by the excess-lime process, 
with the pH values in the studied 
range, the water would be safe for 
human consumption with reference to 
pathogens of the groups studied if coli- 
form organisms were absent or only 
present within the limits of the current 
U.S. Public Health Service Drinking 
Water Standards (11). 


Conclusions 


The data obtained from the excess- 
lime experiments have pointed to the 
following conclusions: 

1. With the pH ranges produced by 
the use of the excess-lime method of 
water treatment, a bacterially safe 
water may be obtained if appropriate 
adjustments of pH and time of contact 
are made. 

2. The death rate of all the strains 
tested is increased at higher pH ranges. 

3. Higher death rates are observed 
with the pathogens studied than with 
the non-pathogenic bacteria in the var- 
ious pH ranges covered. 

4. Temperature influences the rate 
of kill of the two organisms tested, 
being depressed at lower temperatures. 

5. The results suggest that in the 
pH ranges 9.51-10.0 and 10.01—10.50, 
a 100-per cent kill of the pathogens 
was not obtained during a 6-hr. con- 
tact period. The percentage survival 


of Eberthella typhosa (the more re- 
sistant of the pathogens studied) at the 
6-hr. period, for these pH ranges, was 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION 


Standards. 
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30.8 and 2.4 respectively. At the 4-hr 
contact period the percentage survival 
of this organism, in these pH ranges, 
was 53.4 and 15.7 respectively. 

6. An exposure of 2 hr. at room 
temperature to a pH of 11.01-11.50 or 
of 4 hr. to a pH of 10.51-11.0 was 
sufficient to produce a 100-per cent 
kill of the pathogens studied. 
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x The American Water Works Association issues 
Mersin this text as a Tentative Manual. The Manual was 


ia prepared by a committee appointed by the Water 
Purification Division, which committee operated 
under the jurisdiction of the Committee on Water 
Works Practice. This is a Tentative Manual, not 
a set of specifications. It may be adopted as a 
Standard Manual after due time has elapsed. It 
is intended to be a general guide to persons having 


i occasion to purchase zeolites to be used in water 
‘ purification, but it is not intended to be a substitute ms 
for, nor to be superior to, competent engineering ol 
_ judgment based upon a complete understanding of _ 
special conditions. uf 
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The Water Purification Division of the American Water Works Association, act. 
: ing in its field of routine activities, in 1932, organized a committee to develop specifica- 
tions and methods of testing zeolites used in water treatment. The activities of this 
' - committee have, as have all other technical committees of the Association, been carried 
on under the jurisdiction of the Committee on Water Works Practice. The present 
document is a tentative manual of zeolite test procedures and does not contain a set of 
specifications for zeolites. 

After the committee was assigned the preparation of this manual, it was apparent 
that something more than a few field tests or simple laboratory tests should be as. 
sembled. It was found that there was wide diversity in the tests made, used and pro- 
posed by various interested engineers, chemists, research workers and technicians. 

The committee has assembled what, in its opinion, are the best and most suitable 
of these tests and offers them at this time as tentative procedures, subject to future 
corrections and changes. 

Preliminary copies of the proposed procedures were sent to more than fifty in- 
~ terested persons, and constructive replies were received from more than thirty of 
_ them. At this time, therefore, this manual is in the nature of an umpire’s decision, 
~ is hoped that the publication of this report will lead to the development of better 


methods as the art progresses. 
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ZEOLITE TEST PROCEDURES 


OF 


(lon-Exchange Materials—Cation Exchangers Operating on the Sodium Cycle) 


Section 1—Scope 
Sec. 1.1—Sodium Cycle Only 

The term “zeolite,” as hereinafter 
used in this “Manual of Zeolite Test 
Procedures,” shall be taken to mean 
all granular cation-exchange materials 
operating on the sodium cycle, for re- 
moving hardness (Ca, Mg, ete., or 
iron (Fe) or manganese (Mn) ) from 
a water supply, employing common 
salt (sodium chloride (NaCl)) as a 
regenerant. This manual deals with 
zeolites Operating on the sodium cycle 
only. 
Sec. 1.2—Anion Exchangers Excluded 

Anion exchangers employing alka- 
line compounds such as hydroxides 
and carbonates as regenerants are not 
regarded as true zeolites and require 
separate test procedures which are not 
included in this manual. 


Sec. 1.3—Cation-Exchange Materials 


Cation-exchange materials may be 
classed as: 

ceous): 
(1) Glauconite, or  greensand 
(low capacity and high capacity) 
(2) Precipitated synthetic gel 
(sometimes called wet process) 
(3) Fused synthetic 
(4) Clay group or “Bentonites” 


(5) Miscellaneous 


Inorganic Materials (Sili- 


1.3.2 Organic Materials: 

(1) Coal derivatives (made from 
coal, lignite, peat (humus-contain- 
; 
ing), etc.) 

(2) Resins a 

(3) Miscellaneous (made 
sugar, casein, wool, starch, wood, 
etc.) 


Sec. 14—Object of Tests 


The object of the tests herein de-— 
scribed is to determine, as nearly as | 
possible, the physical and chemical — 


properties of zeolites by the use of 
laboratory methods, keeping in mind 
the necessity of correlating laboratory 
tests with actual performance of zeo- 
lites in service. It is recognized that 
laboratory tests do not indicate the 
quality of a zeolite over a period of 
time and under definite conditions of 
service as reliably as does experience. 
Sec. 1.5—Limitations of Tests 

The tests are only an indication of 
apparent results (comparative in na- 


ture), with actual operating results to 
be determined (as far as exchange ca- 


pacity, in grains or kilograins, is con-— 


cerned) by properly regulated accept- 
ance tests to be determined in each 
case, preferably after the material has 
been properly conditioned or normal- 
ized—(1) at the beginning of opera- 
tions and (2) at the end of a week or 


from 


a month or any other suitable period. 


7 


_ Section 2—Suggested Definitions 
Sec. 2.1—Zeolite 
A zeolite is defined as any member 
_ of the family of hydrous silicates 
-(aluminosilicates), such as the phillip- 
site, the montmorillonite or the natro- 
lite groups (which are so called be- 
cause many species intumesce before 
the blowpipe) and some clay minerals, 
—ultramine, glauconite and chabazites. 
-A smaller degree of ion exchange is 
- found in feldspars and kaolinite. All 
of these minerals contain alkali or al- 
_kaline earth metals, and it is these 
~metals which will ionize and exchange 
with ions in solutions. They are con- 
sidered as analogous to the feldspars in 
chemical constitution. Since the orig- 
‘inal designation of zeolites, it has been 
found that organic materials as well as 
inorganic materials can be used to pro- 
duce cation-exchange materials. There 
is no scientific justification for using 
the term ‘“‘zeolite” to designate any of 
the cation-exchange materials in use 
today. Some thirty or forty years’ 
use of the word “zeolite,” however, 
has identified it so closely with base 
exchange and cation exchange in gen- 
eral, that the term is now generally 
accepted as covering both base-ex- 
change and cation-exchange substances. 
Furthermore, there seems to be no 
particular objection to extending the 
use of the word “zeolite” from the 
mineralogical field to the field of water 
treatment, because the cation-exchange 
reactions of these minerals in nature 
are similar to the reactions of the ca- 
tion exchangers in water treatment 
processes. 


Sec. 2.2—Cation 

The cation is the positively charged 
particle, or ion, in an electrolyzed so- 
lution which travels to the cathode (a 
metallic ion and H*) and, after being 
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discharged, is evolved or deposited: 
. . ’ 

hence it is any positive ion. 
Sec. 2.3—Cation Exchange 

Cation exchange is the property of 
exchanging a cation existing in a solid 
(zeolite) for another cation in soly. 
tion. Exchange reactions are revergj- 
ble and are used to a great extent jp 
the field of water treatment. 
Sec. 2.4—Anion 

In electrolyzed solution, 
anion is the negatively charged par- 
ticle, or ion, which travels to the 
anode ; hence it is any negative ion. 


Sec. 2.5—lon Exchange 

Ion exchange is a reversible inter- 
change of ions between a liquid phase 
and a solid body (zeolite), which does 
not involve any visible change in solid 
structure. 


Section 3—Suggested Terminology 
Sec. 3.1—Samples 

The procedures outlined in Standard 
Methods for the Examination of Water 
and Sewage {hereinafter called Stand- 
ard Methods; all page numbers refer 
to the eighth edition] re: “Collection of 


Samples” (page 3) and “Sampling” 
(page 90) are suggested for sam- 


1 EpirortraL Nore: The following symbols 
to designate exchange capacity have _ beer 
suggested. They are recorded herewith, but 
are not a part of the manual. 

For convenience in referring to the capae- 
ity of cation-exchange materials, a terminol- 
ogy that combines the use of chemical sym- 
bols and the first letter of Latin words (s 
as to make them universally applicable) is 
suggested for use. 

For sodium cation exchangers or sodium 
zeolites (abbreviated Na.Z), the term 
“CaMgInV” should be used to represent 
capacity. “CaMgInV” stands for “CaMg in 
valera,” which means “CaMg in value,” i.e, 
the amount of Ca and Mg which has entered 
into a unit volume of the zeolite in the Na.Z 
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ted: 


pling, preservation, etc., of any water 
to be tested according to the directions 
contained in this manual. 
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Sec. 3.2—Reports 

The procedure outlined in Standard 
Methods re: “Expression of Chemical 
Results’ (page 6) and “Reporting of 
Results’ (page 53) is suggested for 
reporting quantity determinations on 
any water tested according to direc- 
tions contained in this manual. 
also footnote 8, page 744.) 


Sec. 3.3—Supplemental Reports 
This form of report may be supple- 
mented by methods of stating mineral 
analysis of water customarily accepted. 
Section 4—Taking of Samples 
Sec. 4.1—Representative Samples 
The importance of obtaining a truly 
representative sample cannot be over- 
emphasized. A sampling tube (Fig. 
1) or a grain sampler * shall be em- 


INSIDE BEVEL 

60-1N. 

Fic. 1. 


— 2-IN. PIPE 
+ 


Sampling Tube 


ployed in obtaining a representative 
sample, care being exercised to secure 


cycle under a specified set of operating con- 
ditions. 

The term “CationInV” stands for the ca- 
pacity of the hydrogen zeolite (abbreviated 
H.Z). In this case the Ca, Mg and Na 
cations are usually taken up. 

Standard Methods for the Examination 
of Water and Sewage. Am. Public Health 
Assn. & Am. Water Works Assn., New 
York (8th ed., 1936). 

*Grain Sampler No. 12, § in. in diameter, 
as made by Eimer & Amend Co., is sug- 
gested. Either dry or wet samples can be 
obtained. This grain sampler consists of two 
revolving concentric tubes with suitable an- 
nular openings, the inner tube being pro- 


vided with knobs for rotating purposes. 


TEST 


PROCEDURES | 


a full cross-section, so that the effects 
of automatic sizing or segregation are 
taken into account. 


Sec. 4.2-—Samples for Shipping lS, 

If the material is shipped in con-_ 
tainers, samples shall be taken from at_ 
least 5 per cent of them scattered 
throughout the entire shipment. Ii 
the material is shipped in bulk, sam-_ 
ples shall be taken from top, half-way 
down and bottom from at least sixteen — 
locations in the car. Samples from 


operating tanks or units shall total at 
g 


least four samples per 100 sq.ft. of 
surface area, and in layers of lesser — 
area a minimum of four samples shall — 
be obtained. 

These portions shall be mixed thor- — 
oughly into one composite sample of — 
approximately 50 Ib., then quartered 
or riffled to approximately 15 Ib. of — - 
greensand or 9 lb. of synthetic or or-— 
ganic zeolite and immediately placed — 
in an air-tight container. 


Sec. 4.3—Air-Drying Not Recom- 


mended 

Air-drying is not recommended, — 
since zeolites, particularly the organic — 
types, vary greatly in water content, 
even when in equilibrium with “air,” 
and the density (apparent) is mark-— 
edly influenced by the water content. — 


and porosity have been determined by — 
the procedures later described, it is | 
believed that the assembled data will © 
make it possible to compare zeolites on | 
a convenient and practical basis. 


Sec. 4.4—Draining for Sampling 


To obtain, with the sampling tube 
(Fig. 1), a sample that will contain 


zeolite layer, the water shall be drained | 


from the entire zeolite layer down to 


the level of the top part of the sup- — 
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porting gravel layer. The sampling 
tube shall be driven into the drained 
layer. 

Great care shall be exercised in re- 
wetting the zeolite to remove air pock- 
ets by opening valves slowly, to fill the 
unit from below. 


7 Fic. 2A. Standard Tube 
Section 5—Amount of Zeolite for 


Tests 


The approximate amounts of zeolite 
necessary for the various tests to be 
made according to these procedures 
are as follows: 
500 grams 
500 grams 
200 grams 
1500 grams 
500 grams 


Weight per cu.ft. backwashed.. . 


7 |b.) 3200 grams 


PREPARED HARD TEST 
WATER FOR WASHING = 
AND TESTING an 
VALVES —~a 
> SALT REGENERATION 
=> SOLUTION 
AIR VENT 
ig, RUBBER STOPPER Cc 
24.5 MM. INSIDE DIAM 
4 __ THIN WALL GLASS TUBE on =. 
WITH ENDS PREFERABLY 
a THICKENED OR FLANGED oo 
ZEOLITE 
SUGGESTED ALTERNATE 
J > GRADED GRAVEL DEPTH 
GRADED «3 
QUARTZ DEPTH 1.26 CM. TO.63CM. 10M STAINLESS STEEL 
45CM.10.15CM. 3.5 CM- 63 CM. T0.315CM. 10CM SCREEN NO. 20 MESH 
75CM.T0.45CM. 3.5CM, 12CM. TO.08CM. 10CM 
“WEDGED IN PLACE 
_ FUSE THE NIBS TO WHICH LENGTH TO SUIT 
RUBBER STOPPER MAY BE WIRED 
RUBBER STOPPER 
4 
BAK DRAIN 


Arrangement; 


‘TATIVE MANUAL V ol. 3 
Section 6—Tube Preparation ang} 
Calibration or t 

Sec. 6.1—T ype of Tube per 

wel 

The standard test tube unit shall pe m 
24.5 mm. (+ 10%) in internal diam. the 


eter and 91 cm. long, of light- walled 


Jj 


showing direction of flow K 


glass (or other suitable material). 


the glass tube is flanged or thickeneé L 
at the ends it will prove more sturdy— 
6.2—Calibration Procedure 

A tubber stopper of proper size§ 
containing a piece of glass tubing ap§ ¢,.4,, 
proximately in. in diameter, with 
end flush to the small end of th§ 6, 
stopper, shall be prepared. To the§.. , 

long end, a short piece of rubber tub gravel 


ing shall be attached. A “Hoffman 


728 
“4 


tub- 
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screw clamp shall be used to regulate 
or to shut off flow. The rubber stop- 
er shall be taped in place, for the 
weight of the layer of zeolite material 
is sufficient to loosen it. In mounting 
the tube, the bottom shall rest on a 


I—Buchner Funnel 
J—70-Mesh Monel Metal Screen 
_u K—Adjustable Clamps to Regulate Back- 
washes for Both Columns 
L—Tap Water to Drain (continuous flow) 
oN Rinse Water Inlet 
N—Regenerant 
O—Backwash Outlets 
P—Safety Tube Overflows 
Q—For Samples of Cation-Exchange 
\ fluent 
\ R—Safety Tube 
S—Rinse Water 
! | T—Regenerant 
U—Adjustable Tube to Fix Water Level | 
in Anion-Exchange Column _ 
V—Anion Exchanger 4 
j + W—Backwash Inlet 
an xX X—Distilled Water Outlet—Anion-Ex- 
t \ ) change Effluent 
L shall be measured with exactness, | 
Fic. 2B. Alternate Tube Arrangement ; 


showing direction of flow 
(See Key in adjoining column) 


suitable support, and the tube shall be 
truly vertical, to prevent undesirable 
turning of the layer of zeolite. 

On the bottom shall be placed 0.63 
cm. graded quartz or suitable silica 
gravel (dirt and oil-free), round and 


PROCEDURES 


clean, to a depth of about 3.5 cm. and, * 


on top, 0.315 em. graded material to a 
depth of 3.5 cm. All of this material — 
in place shall be washed by upflow until — 
it is clean. (An alternate supporting 
arrangement is shown in Fig. 2B.) 

The tube shall be filled with water — 
A 


Key for Fig. 2B 


height of 48 cm. above the quartz layer 
A—Suction Break 
B—Safety Tube 


C—Raw Water Inlet 


D—Adjustable Clamps to Divert Water © 
Flow to Top of Column 
E—Tap Water (continuous flow) 
F—Cation Exchange Effluent to Top of 
Anion-Exchange Column 
Cation Exchanger 
H—Gravel Layer 


marking both top and bottom of the © 
48-cm. length; then the water shall be — 
drained down to the top mark. Fol-_ 
lowing this, the water between the top 
and bottom marks shall be drained into 
a graduate, measuring carefully the _ 
volume of water between the two 
marks. Water adhering to the wall of — 
the tube shall be fully drained out. 
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= 
ENLARGED SECTION 
OF TUBE 
I 
GLASS NIBS FUSED ON BOTTOM _ 3 
TUBE 3 POINTS RUBBER STOPPER | © 
WIRED IN PLACE ON NIBS 24.5 MM. = 
lon INSIDE 2 
= 
SEE OTHER DIAGRAMS 
80-100 MESH CRIMPED 
i 


\ ——TAPED OR WIRED IN PLACE | 


~~RUBBER STOPPER 
GLASS TUBING 


——ZEOUTE 
~~ 80-100 MESH CRIMPED 
STAINLESS: SCREEN 


LAB. TUBING (RUBBER) 
~~~ 80-100 MESH CRIMPED STAINLESS SCREEN —— 2" FINE GRAVEL 


118 CM 


2" MEDIUM GRAVEL 
“~TAPED OR WIRED IN PLACE 2" COARSE GRAVEL 
Y 
“RUBBER STOPPER 
GLASS TUBING ie ib- 


— GLASS COLUMN 


QUARTZ GRAVEL (RESTS 


[24.5 MM. GLASS COLUMN 
ON MONEL SCREEN) 


GRADED QUARTZ GRAVEL 


“1, GLASS WOOL 


_ RUBBER STOPPER (TO 
BE TAPED TO COLUMN) 


CIRCULAR DISC OF MONEL METAL 
~~ WIRE SCREEN, NO. 20 MESH, 
CUT SLIGHTLY LARGE 

SO AS TO BE ARCHED 


PLATE OF 


~ BUCHNER FUNNEL 


& 


GLASS TUBING 


bie, 20. etails of Fic. 2A Tube Arrangements 
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Assuming that the measured vol- 
ume equals 211 ml. and that 1 ml. = 
9,0000353 cu.ft., then 211 ml. 0.00745 
cu.ft. occupied by 48 cm. in height. On 
5 

this basis — 0.00447 sqft. = 
average area in the 48-cm. layer. The 
tube shall be permanently marked to 
show its area when the determination 
has been made. 


Sec. 6.3—Calibration of Entire Tube 
for Organic Zeolites 


For those zeolites in which the vol- 
yme changes during the operation cycle, 
it may prove desirable to calibrate the 
entire tube by attaching a strip of graph 
paper,* 4 in. wide, along the axis of 
the tube. Calibration may be made by 


successive additions of water (10 ml.) 


from the burette, with volumes marked 
on the graph in convenient units. In 
such case, the “volume” factor shall be 
marked on the tube. 


Sec. 6.4—Various Test Tube Diam- 
eters 
Test tubes having a diameter other 
than that herein designated are being 
used, but it is felt that the diameter 
chosen will permit reasonably accurate 
and reproducible results with a mini- 
mum of sample (material) and test 
water requirements. 


Section 7—Air-Drying & 
Sec. 7.1—Limitation 


It is to be noted that under Sec. 4.3, 
ar-drying is not recommended. Cer- 
tain tests covered in this manual, how- 
ever, state that air-drying of samples is 
a permissible procedure if reproducible 
results can be obtained. Therefore, a 
suitable air-drying procedure is given. 


*10 X 10 per 4 in, tenth lines heavy— 
equivalent to K & E No. 359-11. 


PROCEDURES 


Sec. 7.2—Air-Drying Procedure 
ying 


To insure reproducible results when 
air-drying materials, the following pro- 
cedure shall be used: 

The sample shall be spread over the 
bottom of a suitable container to a 
depth of 4 in. Drying shall continue 
for 24 hr. and shall be facilitated by 
thorough mixing and spreading of the 
sample three times, at intervals of 8 
hr., for the organic materials. Twice 
the time and number of stirrings shall 
be employed for inorganic materials. 
On completion of the sieve analysis, the 
moisture content of the sample shall 
be determined. (See Supplementary 
Notes, p. 750.) 

Sec. 7.3—Moisture and Density 

The total moisture of this sample 
shall be determined as in Sec. 11 and 
the density of the dried material deter- 
mined as in Sec. 10. The density of 
the sample “as is” should be deter- 
mined in a similar manner, and the 
“wet-down” density as indicated in 
Sec. 20.3. 


Section 8—Oven-Drying wens 
Sec. 8.1—Procedure 


When oven-drying is specified, the 


zeolite sample shall be dried to a con- 
stant weight in an oven capable of 
maintaining a temperature of 105° to 
110°C.° It shall then be cooled in a 
desiccator before weighing. Zeolite 
shall be regenerated to its sodium 
form and rinsed before drying. 

° Construction details of an oven satisfac 
tory for this procedure are given in an ar- 
ticle entitled “A Temperature and Humidity- 
Controlled Dryer for a Chemical Engineer- 
ing Laboratory,” by Ropert M. SCHAFFNER 
& JAMES CouLt of the University of Pitts- 
burgh (Ind. Eng. Chem.—Anal. Ed., 14: 
590 (1942) ). 


~ = - 
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Sec. 8.2—No Re-Use in Tests for At- 

trition or Aggressivity 

Synthetic, carbonaceous or resinous 
zeolites that have been oven-dried ac- 
cording to this method cannot be used 
for attrition or aggressivity tests, be- 
cause drying at 105° to 110°C. causes 
further decrepitation and the zeolite 
does not (when cooled off) possess the 
property of readsorbing proper amounts 
of water of hydration. Resinous zeo- 
lites can be brought back to original 
exchange value, but may crumble, thus 
affecting grain size. 
Section 9—Jarring or Shaking 


Sec. 9.1—Mechanical 
Shaking 


Jarring and 

To assure the maximum of uniform- 
ity in results when jarring is specified, 
jarring shall consist of vibrating the 
sample and container for 1 min. on a 
mechanical shaker at 150 taps per min., 
and shaking shall be for a 3-min. pe- 
riod. (Organic materials require a 
longer shaking period, but no precise 
time, which will be correct for all, can 
be given.) A 5-per cent speed toler- 
ance is allowable. 

The “Ro-Tap Testing Sieve Shaker, 
manufactured by W. S. Tyler Co. of 
Cleveland, Ohio, and the portable 
“Cenco-Meinzer Sieve Shaker,’”’ manu- 
factured by the Central Scientific Co. 
of Chicago, are acceptable types of 
mechanical equipment. 
Sec. 9 

The container can be jarred by hand 
until there is no appreciable settling of 
the zeolite, then more zeolite added to 
fill the container to total capacity, with 
additional jarring to be sure that the 
measuring container is full. 


2—Manual Jarring 


Sec. 9.3—Manual Shaking 


the nest of sieves 


vanual shz haking, 
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containing the sample shall be rocked 
back and forth over a piece of wood 
so that the bottom of the pan is about 
1 in. above the table top. The r cking 
shall be at the rate of 150 bumps per 
minute (75 on each side), bumping the 
entire nest against a wood table for § 
min. Sieves shall be bumped lightly 
and not bounced. Heavy bouncing 
will produce erratic results. 


Section 10—Weight of Dry Zeolite 
per Cubic Foot (Density Data) 


Sec. 10.1—. 


The apparatus required consists of: 
(1) one 1000-ml. graduated glass cyl- 
inder; (2) a drying oven capable of 
maintaining a temperature of 105° to 
110°C.; and (3) a balance, sensitive 
to 0.5 g. in 1000 g. 


Sec. 10.2—Procedure 


10.2.1. Greensand Zeolite: The 
graduated cylinder shall be weighed. 
Oven-dried greensand zeolite shall be 
poured into the graduated cylinder to 
a little over the 1000-ml. mark, shall 
be jarred (see procedure under See, 
9.2), and operations shall be finished 
with exactly 1000 ml. The cylinder 
and the zeolite shall be weighed 
quickly. The difference in weight of 
the cylinder and the zeolite and _ the 
empty cylinder is the weight of dry 
zeolite, in grams per 1000 ml. Then: 


1pparatus 


Dry wt. per cu.ft. (in Ib.) 


= Wt 


3.785 X 7.48 
. (in g.) of 1000 ml. 


453.6 
Wt. (in g.) X 0.0624 


10.2.2. Other Types of Zeolite: 
When resinous and carbonaceous zeo- 
lites are shipped dry (unwetted), an 
additional wetted weight per cubic foot 
of material shall be determined. To 
make this determina tion, the material 


> { 
sh 
5 in 
11 
4 hr 
‘ 
a 
ar. 


Vol. 35 


rocked 
| Wood 
S about 
rocking 
IPS per 
ing the 
e for § 
lightly 
uncing 


Zeolite 
ata) 


ists of: 
SS cyl- 
ible of 
05° to 
nsitive 


The 
ighed. 
iall be 
der to 
Shall 
r Sec. 
nished 
linder 
sighed 
of 
the 
f dry 


Then: 


7.48 
] 


olite: 
), an 
> foot 

To 


terial 


June 1943 


shall first be immersed in water, 1.e., 
thorouglily wetted. This wetting shall 
he such as to insure complete swelling 
of the particles. The material, after 
wetting, shall be drained to remove 
“free” water before it is placed in the 
test tube. 

To make the results of this test re- 
producible it has been suggested that a 
“B&D” (backwashed and drained) 
volume be used instead of a jarred 
volume. 

The moisture content of all zeolite 
to be tested shall be determined on 
duplicate average samples, by methods 
described in Sec. 11. This moisture 
content shall be recorded and reported. 


Section 11—Total Moisture in Zeo- 
lite as Received 
‘tots. 


The apparatus required consists of: 
(1) one 2-in. diameter standard weigh- 
ing bottle (stoppered) ; (2) a drying 
oven capable of maintaining a tempera- 
ture of from 105° to 110°C.; and (3) 
an analytical balance and dessicator. 


Sec. 11.2—Procedure 


The weight of the weighing bottle 
and stopper shall be determined. 
About 3 g. of zeolite shall then be 
placed quickly in the weighing bottle 
and the bottle sealed immediately with 
the stopper. The bottle and sample 
shall be weighed. Then, the stopper 
shall be removed and the bottle placed 
in the oven, maintained at 105° to 
110°C. It shall then be dried for 12 
hr. or to constant weight. For calcu- 
lation of moisture, the following equa- 
tion may be used: 


Loss in wt. 
— 100 = moisture as received 
Wt. of sample 

Nore—Synthetic (inorganic) zeo- 


lite loses its water of hydration at 
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105° to 110°C., and the moisture is 
not returned on atmospheric cooling ; 
thus, after this test, the sample should 
be thrown away, as its exchange value 
is affected. Resinous zeolite can be 
brought back to exchange capacity but 
may crumble. 


Section 12—Moisture in Air-Dried 
Sample 
Moisture in the air-dried sample is 
to be determined by the total moisture 
method (Sec. 11). 


Section 13—Weight per Cubic Foot 
of Zeolite as Received 
Sec. 13.1—Apparatus 
The apparatus required consists of: 
(1) small platform scales, weighing in 
pounds and ounces; and (2) a 1-cu-ft. 
box (preferably with rigid sides), wood 
or steel. This box shall be made to 
fit a “Ro-Tap,” or equal, shaking ma- 
chine so that reproducible results can 
be obtained. 


Sec. 13.2—Procedure 

The box shall be weighed to the 
nearest ounce, then quickly filled to 
overflowing with zeolite, just as it is 
received in the sample shipping con- 
tainers. The box shall then be jarred 
(see procedure under Sec. 9) and the 
excess zeolite stricken off the top of 
the box with a suitable straight edge. 
The box and the zeolite shall then be 
weighed to the nearest ounce. The 
total weight minus the weight of the 
box gives the weight of the zeolite, 
per cubic foot, as received. 

Note—The box can be jarred by 
hand until there is no appreciable set- 
tling of the zeolite, and then additional 
zeolite added to fill total capacity, with 
additional jarring to be sure the meas- 
uring container is full. 


73. 


Section 14—Weight per Cubic Foot 
of Saturated Settled Zeolite After 
Backwashing 


14.1—Apparatus 
The apparatus required consists of: 
(1) one softener unit (glass tube) as 
shown in Figs. 2A, B and C; and (2) 


a balance sensitive to 0.5 g. in 100 g. 
Sec. 14.2—Procedure 
A sufficient amount of the zeolite 


sample to make a layer approximately 
48 cm. deep shall be weighed accurately. 
About 48 cm. of water shall be placed 
in the tube and the zeolite poured 
slowly into the water. If the zeolite 
tends to swell, it shall be checked at 
intervals until the swelling has ceased. 
The zeolite shall then be backwashed 
in an upward direction for 20 min. 
with clear tap water at a rate suffi- 
— cient to give 50 per cent expansion of 
the zeolite layer, uniformly maintained 
for 15 min. 

backwash shall be 
slowly for the last 2 min. and, when 
stopped, the effluent valve shall be 
opened so that water is drained off 
at the average rate of 12 cm. per min. 
The operation shall be stopped with 
0.63 cm. water above the top of the 
sand, and the volume (in cubic feet) of 
_ the saturated layer of zeolite measured. 
(Care should be taken to avoid shak- 
_ ing or tapping the tube when making 


decreased 


volume measurements and to prevent 


quiescent settling between backwash- 
ing and draining.) On this basis: 


Wt. of zeolite (in Ib.) 


: = Wt. of zeolite as 
Vol. of satd. zeolite (cu.ft.) 


received (in lb./cu.ft.) in position in softener 
and: 


~ Wt. of zeolite (100 — © moisture) 
100 X cu.ft. of satd. zeolite 
= Wt. of zeolite per cu.ft. (dry basis) 
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Three separate tests should be con. 
ducted and the average result reported, 


Section 15—Sieve Analysis of Zeo. 
lites 


Sec. 15.1—Apparatus 


The apparatus required consists of: 
(1) sieves; (2) one sieve pan; (3) 
one sieve cover; and (4) a balance or 
scale sensitive to 0.1 g. in 300 g. 

The sieves are to be 8 in. in diam- 
eter, square mesh, having ASA Stand- 
ard sieve openings or the correspond- 
Tyler standard sieve openings, 
Sieves shall meet the requirements of 
the ASA document 
723.1-1939, 


Ing 
specifications 
as follows: 


Standard Specifications for Sieves 
for Testing Purposes 


Openings, in Millimeters 
Sieve No. ASA Std. Tyler 
8 2.38 2.36 
10 2.00 — 
10 . 1.65 
16 1.19 
20 0.84 0.833 
30 059 0.589 
40 0.42 0.417 
50 0.297 0.295 
60 0.250 
65 — ().208 


15.2—Procedure 
A sample of air-dried zeolite of a 
weight as follows, shall be taken: 


F ‘or ‘materials bulking approx : 


: + 25 to 40 Ib. per cu. ft— 50 grams 
40to65 “ “ “ “—100 grams 
65to95 “ “ “ —200 grams 

In the sieve analysis of synthetic 


zeolites extreme care must be exer- 
cised in removing the zeolite from the 
sieves for weighing, as the material has 
a tendency to bounce and thereby be 


lost. This causes low results and 
makes it impossible to check within 
the toler rance required, It is recom- 


eth. 
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TEST 
mended that the sieves be cleaned and 
all weighing be made over a black sur- 
face. 

For materials which swell when 
wetted, similarly conducted tests shall 
be made on oven-dried material, a 
fully swollen sample, and a sample “as 
received,” if possible. 

For synthetic or coarse-grained zeo- 
lites, sieves Nos. 8, 10, 16,20, 30, 40 
and 50 shall be used. 

For organic zeolites and greensand, 
sieves Nos. 10, 16, 20, 40, 50 and 60 
shall be used. 

The material shall be shaken for 3 
min. in a mechanical shaker or for 5 
min. manually (see Sec. 9.3). 


Sec. 15.3—Reporting Results 


The sieve analysis shall be reported 
in percentage by weight to the nearest 
0.1 per cent retained on the various 
sieves, and the result preferably plotted 
on logarithmic paper. Following is an 
example of a proper form of report: 


Per Cent 
Retained on No. 8 sieve — 
Passing No. 8andretainedon No.10 — 
10 “ “ No.16 — 
No. 16 ‘No.20 — 
Woe. 20 “ No.30 — 
No. 30 ‘ “ No.40 — 
“ No.50 — 
“ ‘Ne. “ “ No.60 — 


No. 60 ‘ “No.65 — 
* Ne: 65 “pan = 


ASA Std. or Tyler) 


If the percentages do not total 100, 
correction shall be made on the largest 
quantity retained on any sieve. If the 
sum of the weight retained on each 
sieve and that which passes the smallest 
size sieve is less than 99 or more than 
101 per cent, however, the test shall 
be discarded and another test made. 

Nore—Different screen fractions 
will contain a different percentage of 


(Specify sieve used 


PROCEDURES 


moisture due to their difference in 
grain sizes and the lack of time to 
approach a uniform moisture condition 
of the zeolite. After the quick air- 
drying operation, the sample should 
preferably be held in a sealed jar over- 
night so that the moisture content may 
become uniform throughout. 


Section 16—Determining Attrition 

Losses of Zeolites 

Accelerated tests thus far devised 
cannot be relied upon to furnish com- 
pletely reliable data concerning the 
probable life and operating character- 
istics of a zeolite when placed in actual 
service. The tests have some value, 
however, in supplying comparative 
data which may be used as a guide. 
Suggested forms of tests have been 
prepared for the following materials: 
(1) greensand; (2) synthetic gels, 
fused synthetic, bentonites, miscel- 
laneous; (3) carbonaceous zeolites and 
resinous zeolites. 


Sec. 16.1—Scheme A—Greensand 
Zeolites 
16.1.1. Apparatus: The apparatus 


required consists of: (1) one 4-oz. 
rubber-stoppered oil-sample or other 
bottle (about 14 in. in diameter by 6} 
in. overall) ; (2) one rotating shaking 
wheel (axis horizontal, to rotate at 17 
rpm., with provision for connecting 
the bottle 1 in. from center of shaft 
(Fig. 3)); (3) one calibrated 1-liter 
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WHEEL 18-IN. 
ROTATE 17 RPM 


; 3. Rotating Shaker 
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volumetric flask; and (4) a Jackson — this portion 20 g. shall be weighed out 
turbidimeter. accurately (on the dry basis). This 
16.1.2. Sampling: Sampling shall material shall then be placed in the ; 
follow the method of Sec. 4. If taken screw-cap jar and 75 ml. of distilled , 
from a zeolite unit that has been used water at room temperature added, ' 
or is in actual use, samples shall be The jar shall then be capped and F 
taken after regeneration. placed flat in the shaker pan and] , 
16.1.3. Procedure: 50 g. of air- packed tightly with cloth or wadded ; 
dried regenerated zeolite shall be placed paper. The lid shall then be placed | - 
in the container, which shall then be on and the assembly clamped in the | ; 
filled with distilled water of approxi- shaker. Shaking shall continue for |, 
mately 70°F. temperature, and stop- 2 hr. 
pered. The bottle shall be connected After shaking, the jar shall be re. J | 
to the mixing wheel and revolved 2 hr. moved and allowed to settle 15 sec, f ~ 
at 17 rpm. The bottle shall then be The liquid shall then be poured off into } 
removed and allowed to settle 15 sec., a 1-liter volumetric flask. To the zeo- J, 
after which the supernatant liquid shall lite in the jar about 75 ml. of water shall 
be poured into the 1-liter volumetric be added, the jar capped, turned over, 
flask. The zeolite shall then be washed | the cap removed and the water poured 
until the washings are clear. into the flask. This procedure shall 
After the washings have been col- be repeated at least six times, after 
lected in the volumetric flask, sufficient which the washings in the flask shall 
distilled water shall be added to fill the be made up to 1 liter, mixed and al- 
flask to the 1-liter mark, and these shall lowed to stand 5 min. Then 500 ml. 
be mixed. The turbidity of the sample — shall be poured off. 
shall then be determined with the Jack- Turbidity shall be determined by 
son candle turbidimeter, to give a Comparison with standards or by the 
measure of the resistance to attrition in Jackson candle turbidimeter. _ The 
parts per million turbidity. Attrition greater the turbidity, the lower is the 
value shall then be obtained as follows: eS!Stance to attrition. 
10.000 Sec. 16.3—Scheme C—Carbonaceous 
Attrition value = a Gin ppm.) and Resinous Zeolites ; 
An alternate method which has been , 
See. 16.2—Scheme B—Synthetic Zeo- designed for use with carbonaceous 
lites zeolites has been published.® Briefly § y 
16.2.1. Apparatus: The apparatus it is as follows: p 
required consists of: (1) a balance or 16.3.1. Apparatus: The apparatus} ¢ 
scale (sensitive to 1 mg.); (2) a required consists of: (1) a reciprocat-§ 7 
shaker (“Tyler Ro-Tap”); (3) one ing machine having a moving frame in § 
5-oz. squat-form screw-cap jar; and which the attrition bottles are clamped 
(4) sieves. and agitated rapidly back and forth § 9 
16.2.2. Procedure: From the air- horizontally, along their axis, and inf} , 
dried sample that has not been pre- 
viously shaken, a portion passing the BROSERICK, J. & E. S. Ac t 
i celerated Tests for Determination of Attri- 
No. 14 sieve and retained on the No. tion Loss of Carbonaceous Zeolites. Jour. § ti 
20 sieve shall be sieved out. From  A.W.W.A., 34: 94 (1942). sJ 
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which the moving frame is driven by 
4 wheel rotating at about 162 rpm., 
with a 3s%-in. stroke, and connecting 
rod (Fig. 4); (2) several wide- 
mouthed screw-capped bottles, 2 in. in 
diameter by 4} in. high, with water- 
tight screw-caps; (3) a Jackson tur- 
hidimeter; (4) two 6-in. diameter 
Tvler sieves, 28- and 35-mesh; (5) 
four 3-in. diameter Tyler sieves, 42-, 
4g-, 100- and 200-mesh ; and (6) beak- 
ets, funnels, a filter rack and an ana- 
lytical balance. 

16.3.2. Sampling: The sample to be 
tested shall always be a regenerated 
zeolite. The material shall be hand- 
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exactly the same manner except that 
the first sample shall be agitated for 
4 hr. on the machine, while the second 
sample shall not be agitated. The sec- 
ond sample shall serve as a blank to 
correct any degradation due to moist- 
ening, drying or screen abrasion. It 
shall also be used in corrections for 
incomplete removal of fines. After 
this, each sample shall be wet-screened 
by washing onto a nest of 100- and 
200-mesh 3-in. diameter sieves, these 
sieves being placed in a large funnel 
and the turbid liquid and fines passing 
200-mesh being caught in a_ small 
beaker. The 100-mesh sieve will re- 


4. 


Reciprocat 


screened on 28- and 35-mesh. The 
28- to 35-mesh fraction shall be the 
part used as the attrition sample. 
Great care shall be exercised to see 
that all minus 35-mesh material is com- 
pletely removed. Material sticking in 
the 35-mesh sieve shall be discarded. 
The samples shall be air-dried at room 
temperature. 

16.3.3. Procedure: A 5-g. sample of 
28- to 35-mesh material shall be 
weighed out and placed in a screw- 
capped bottle containing 50 ml. of dis- 
tilled water. The cap shall then be 
tightly replaced. A duplicate sample 
shall be weighed out and treated in 


tain at least 95 per cent of the sample. 
This material need be washed only 
enough to insure that all minus 200- 
mesh material the 100-mesh 
sieve. It is not necessary to wash all 
minus 100-mesh material through the 
100-mesh sieve because the material is 
combined, air-dried and screened again. 

Next, the upper sieve containing 
most of the sample shall be removed 
and the small quantity of plus 200- 
mesh material washed on the 200- 
mesh sieve with a fine jet of water. 
This assures accurate wet-screening 
on 200-mesh. Then the material on 
the two sieves shall be combined and 


passes 
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air-dried at room temperature. The 
total amount of turbid water shall be 
considerably less than 200 ml. and 
shall then be diluted to 200 ml. in a 
volumetric flask and turbidity deter- 
mined on the Jackson turbidimeter. 

The air-dried samples of plus 200- 
mesh material shall be placed in a nest 
of 3-in. diameter sieves, 42-, 48- and 
100-mesh. The sieves shall be given a 
rotary motion, followed by several light 
blows on the side with the open hand. 
This sequence shall be repeated con- 
stantly during a 5-min. period. The 
sieves shall not be pounded violently 
on a desk or table top, because the 
abrasion resulting may be greater than 
that produced by the reciprocating ma- 
chine. Finally, the sized fractions shall 
be weighed and blank corrections ap- 
plied. 

16.3.2. Reporting Results: Data 
from an average sample shall be re- 
ported as follows: 
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particular significance in relation to 
the durability of the zeolite in differen 
types of water. 

For example, some waters are ex. 
tremely low in silica; therefore the 
synthetic zeolites will not stand up, 
but will lose silica by dispersion. Dis. 
tilled water in connection with such 
zeolites under standardized conditions 
will show pick-up of silica from the zeo. 
lite. Other destructive factors occur- 
ring in water are, or may be, iron, man. 
ganese, variation of pH and high free 
CO,. Therefore, tests should be de. 
vised to measure these destructive 
forces, but further laboratory work 
will be necessary before adequate tests 
can be announced. 

The validity of the procedures here- 
inafter described is not yet fully estab- 
lished. 

To record definite procedures that 
can be used for comparison purposes 
only, five methods are suggested: (1) 


4-Hr. Blank Net Relatin 
Mesh A trition, Attrition, g. Weight, Ratio. 
—42+ 48 0.0112 0.0048 0.0064 1. 64 
48 + 100 0.0172 0.0058 0.0114 1.391 ~ 
= 100 + 200 0.0060 0.0018 0.0082 2.786 117 
— 200 turbidity 190 ppm. Clear 190 ppm. 4 


The attrition value 340 measures 
roughly the new surface formed in the 
— 42+ 200 size range and is more 
accurate than using the weights alone. 
The attrition value and turbidity read- 
ings shall both be used in studying the 
attrition loss of carbonaceous zeolites. 


Section 17—Resistance of Zeolites 
to Aggressive Attack 


Tests used and proposed by techni- 
cians are so far removed from normal 
water softening plant operations that 
results may not only be meaningless, 
but quite misleading, and may have no 


for low pH conditions; (2) for high 
pH conditions; (3) for conditions en- 
countering excess of concentrated 
brine; (4) for conditions encountering 
deficiency of silica; and (5) for condi- 
tions contributing to the breakdown of 
organic zeolites. 


Sec. 17.1—Method A 


ditions 


17.1.1. Solutions: (1) A buffered 
solution, with a pH of 4.0, shall be 
prepared by taking 50 ml. 7/5 potas 
sium acid phthalate (KHC,H,O,) and 
0.40 ml. sodium hydroxide 
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(NaOH), and adding boiled and 
cooled re-distilled water to make 200 
ml. (2) A 5-per cent solution of cp. 
sodium chloride (NaCl) (for regener- 
ating purposes). (See Supplementary 
Notes, page 750.) 

17.1.2. Procedure: After thorough 
regeneration of the sample (using So- 
lution 2) and rinsing, the material shall 
be air-dried and about 15 g. shall be 
screened out to 30-40 mesh (U.S. 
Bureau of Standards). Moisture con- 
tent shall then be determined (Sec. 11). 

Duplicate samples of this air-dried 
material shall be weighed out, each 
sample weighing 1.0 g. net (calculated 
on dry basis after making allowance 
for moisture content). Each sample 
shall be placed in a 4-o0z. rubber-stop- 
pered oil-sample bottle (about 120 ml.) 
and filled with Solution 1. The bot- 
tles shall then be stoppered tightly and 
mounted on a rotating wheel, with the 
bottom of the bottles about 1 in. from 
the center. Rotation shall be for 2 hr. 
at 17 rpm., with the room at from 20 
to 25°C. The supernatant liquid shall 
then be decanted and the residual ma- 
terial thoroughly rinsed with distilled 
water, being careful not to lose any of 
the zeolite grains. The washed zeolite 
shall be transferred to a weighing bot- 
tle and shall be oven-dried and _re- 
weighed after the cooling. Finally, the 
percentage loss of weight on the 1.0-g. 
samples shall be calculated as percent- 
age weight loss due to aggressive at- 
tack under the test conditions. 


Sec. 17.2—Method B—High pH Con- 
ditions 


17.2.1. Solutions: (1) A buffered 
solution, with a pH of 9.0, shall be 
prepared by taking 50 ml. 17/5 boric 
acid (H,BO,), 50 ml. 7/5 potassium 
chloride (KCl) and 21.30 ml. M/5 
sodium hydroxide (NaOH) made up 
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to 200 ml. and adding distilled water 
as described in Method A_ (Sec. 
17.1.1). (2) A 5-per cent solution of 
cp. sodium chloride (NaCl) (for re- 
generating purposes). 

17.2.2. Procedure: The procedure 
described under Method A_ (Sec. 
17.1.2) shall be followed. 


Sec. 17.3—Method C—Conditions En- 


countering Excess of Concentrated 
Brine 
17.3.1. Solutions: (1) Boiled and 


cooled redistilled water. (2) A 25- 
per cent solution of cp. sodium chlo- 
ride (NaCl) (for regenerating pur- 
poses ). 

17.3.2. Procedure: The zeolite shall 
be regenerated with Solution 2, after 
which the procedure described under 
Scheme A (Sec. 16.1.3) subsequent to 
the end of the rotation period shall 
be followed. 


Sec. 17.4—Method D—Conditions En- 
countering Deficiency of Silica 
17.4.1. Solution: (1) Boiled and 

cooled redistilled water. (2) A 5-per 

cent solution of ep. sodium chloride 

(NaCl) (for regenerating purposes). 
17.4.2. Procedure: The procedure 

described under Method A_ (Sec. 
17.1.2) shall be followed to the end 
of the rotation period, except that the 
sample shall be placed in Solution 1. 
Pyrex glassware shall be used. The 
supernatant liquid and the rinsings of 
distilled water shall be decanted and 
saved. The silica in the liquid shall be 
determined and the loss from that of 
the original sample calculated. 

Sec. 17.5—Method E—Conditions 
Contributing to Breakdown of Or- 
ganic Zeolites 
17.5.1. Solutions: 

tions shall be prepared 


3uffered solu- 
in a manner 


|_| 


740 


similar to those shown in Methods A 
and B (Sees. 17.1.1 and 17.2.1), but 
with varying amounts of W//5 sodium 
hydroxide (NaOH) to give a range of 
pH _ values. 

Procedure: The zeolite sam- 
ples shall be tested in these solutions, 
employing the procedure described un- 
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(A) GAS REMOVAL (B) BACKWASHING 
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der Method D (Sec. 17.4.2), except 
that the supernatants and rinsings shall 
be analyzed for dissolved organic mat- 
ter, employing the oxygen consumed 
tests as described in Standard Meth- 
ods (page 51). The loss shall be 
related to the total organic matter as 
run on a sample of original material. 
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Section 18—Determining the Ex. 
change Values of Zeolites 


This method of test comprises the 
determination of the operating ex. 
change or capacity value (sodium ey. 
cle) of cation-exchanging zeolites and 
not the total exchange, because, jy 
practice, it is not customary to operate 
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Tube Arrangement for Exchange Capacity Determinations 


zeolite softeners until they are con 
pletely exhausted, but to operate only 
to a definite hardness end-point. 

“a 


Sec. 18.1—Apparatus 
18.1.1. Test Unit: A standard cali- 
brated test unit (Figs. 2, 5, 6) shal 


be used. Attachments to the tube shal 
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calt- 
) shall 


shal! 


he made so that the softener tube can Sec. 18.4—Salt “aan = “i 

be used for upward or downward flow. 18.4.1. Quantity: 1 gal. of 5-per 


A means of regulating the rate of flow cent cp. salt solution shall be used. 
of the backwash and effluent shall be The following table summarizes the 


provided. volumes of 0.855 N sodium chloride 
18.1.2. Receivers: Any calibrated (5 per cent) used for sodium zeolites 
container may be used as a receiver. of different types for this standard lab- 
18.1.3. Test Bottle: A 100-ml. rub- oratory test. The quantity may be 

ber-stoppered bottle shall be used. varied, however, for particular tests. 

Quantity « of Salt Vo!. 0.8355 N Soliun 

Salt—lb./1000 grains/ Chloride (5 per ceni) 
grains removed Zeolite Material cu.ft. lb. /cu.ft. mE/I* required for 200-ml. unit 
0.45 Greensand 2,800 1.26 0.347 81 o~ 
0.40 High Capac. Greensand 5,500 2.19 0.600 139 - 
0.40 Synthetic 11,700 4.67 1.27 286 

0.40 Carbon: 7,000 2.80 179 

) 3) 

0.40 Resinous 12 ,000 4.80 32 is ool 308 = 

* See footnote 8, p. 744. 

ec. 18.2—Synthetic Tes ater ‘ uality: 1e salt (NaC 
Sec. 18.2—Synthetic Test Wat 18.4.2. Quality: TI It (NaCl) 


yz Should not contain more than 2 per 


A supply of synthetic test water (2 ; 
ae f cent Ca and Mg salts, expressed 


gal.) shall be made up as follows: 
Salutien thee sodium chloride; and the analysis of 
: the salt used shall be stated. 


resinous and carbonaceous zeolites) : 
18.4.3. Strength of Solution: Salt 
400 ppm. Total Hardness (as CaCO,) solution shall be made from tap water 


MgSO,-7H.O.....1.251 g/gal., or 0.332 g/l. toa strength of 0.85 . N (5 per cent) 
by weight of salt (NaCl). 


18.2.2. Solution 2 (for greensand 18.4.4. Temperature: The room 
zeolites ) : temperature during zeolite exchange - 
value tests shall be 70°F. + 10°F. 
170 ppm. Total Hardness (as CaCO,) (21° + 6°C.) 
CaCl. 0.473 g./gal., or 0.126 g./I. 
MgSO,:7H.O..... 0.530 g./gal., or 0.141 g./1. 18.4.5. pH: Hard water (tap) shall 


be used for making the brine. The 


18.2.3. Solution 3 (for high capac pH value of the brine shall be above 


ity zeolites) : 7.0, but not more than 8.3. The pH 
300 ppm. Total Hardness (as CaCO,) value shall be recorded. 

MgSO,-7H.O .... .0.936 g./gal., or 0.248 g./1. Sec. 18.5—Soap Solution 


18.5.1. Standard Soap Solution: 


Sec. 18.3—Natural Water 
Standard soap solution made according 


hen the a nat- » Standard Methods (page 59) shall 
al wate s hz SS ‘omposi- 
tion shall be accurately determined. 
issue exists concerning the acceptance 


In these abbreviations, the “g.” stands for Of zeolites or their conformance to 


gram, not grain, which is not abbreviated. specifications. 


= 


18.5.2. B&B Soap Solution: Soap 
solution made according to Boutron- 
Joudet (Standard Methods Zeolite 
Softener Field Test, page 103) may 
be used in field or routine testing of 
performance of zeolites, but it shall not 
be used as a basis of acceptance or re- 
jection of zeolites. 


Sec. 18.6—V olume 


An amount of the sample in excess 
of that apparently required to give a 48- 
cm. zeolite layer shall be weighed out. 
The procedure of Sec. 14.2 shall then 
be followed to place the sample in the 
water up to the 48-cm. mark. The un- 
used portion shall be weighed and (by 
difference) the weight in the tube re- 
corded. Materials that swell shall be 
permitted to stand until swelling has 
ceased. The procedure of Sec. 14.2 
shall then be followed to determine the 
volume. Tests shall be repeated until 
consistent results are obtained; and 
values shall be recorded. 

It will be permissible to add or sub- 
tract material to adjust the zeolite vol- 
ume at exactly 48 cm. when _ back- 
washed and drained. The gross weight 
and net dry weight of the 48-cm. bed 
shall be calculated in terms of the 
relative volumes. 

Sec. 

Many materials (zeolite minerals) 
are placed on the market in an alkaline 
— condition that it necessary to 
remove this free alkali by repeated 
backwashings and downflow operations 
before starting the test. Excessive 
amounts of alkali affect the exchange 
capacity and therefore give false re- 
sults. To determine when the free al- 
kali has been removed, a 15-min. soak- 
ing test with the water to be softened 
shall be made. In this test, the hy- 
droxide alkalinity of the water stand- 
ing in the zeolite layer during the soak- 


18./—Preliminary Treatment 


so 1S 
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ing period, when drained off, shall not 


as 
exceed 3 ppm. Following this thor. 
ough removal of free alkali, the zeolite I 
shall be given two or three successive | 4 

regenerations with salt (NaCl) to ip. ” 
sure complete removal of calcium and 4 
magnesium salts. The regular test “ 
runs may then be started, but it wil we 

be necessary to discard the first few 6 
runs, which will probably be abnor- m 
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mally long. The result of these initial 
runs shall be recorded, but shall not 
be considered as representative until 
fairly constant results are obtained on 
several runs under a given set of con- 
ditions. 
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Sec. 18.8—Backwashing Operation 


18.8.1. Arrangement: The rubber 
connections for backwashing shall be 
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as shown in Fig. 6. At the end of 
each softening run, the zeolite layer 
shall be backwashed thoroughly to 
seanse and loosen it. The water to be 
‘reated shall be used to backwash. The 
dow rate during backwashing shall be 
aifacient to expand the zeolite approxi- 
mately 50 per cent, and the period of 
washing shall be long enough to re- 
move all dirt collected in the tube or 
in the layer during the softening run. 
The backwash time shall usually be 
about 5 to 10 min.; the time shall be 
rect rdec l 

18.8.2. Gas Removal: If a consid- 
erable amount of air or gas collects in 
the layer during the run, it will be 
necessary to employ special means to 
remove such entrained before 
proceeding with the normal backwash- 
ng operation. The zeolite shall be 
backwashed into a large funnel, con- 
nected to the top of the tube with wide 
rubber tubing as shown in Fig. 5(A). 
Then the layer shall be allowed to 
return to the tube by draining all of 
the material from the funnel back into 
the tube, after which the backwashing 
procedure described in Sec. 18.8.1. shall 
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gases 


be followed. 

Sec. 18.9—Regeneration Operation 
18.9.1. Brine Introduction and Dis- 
placement Volume Rinse: The tube 
connections and constant head device 


jor regeneration and rinse are shown 
in Fig. 5(C). After backwashing, the 


ube shall be drained until the water 
level is about 1 cm. above the top of 
he layer. The tube shall be filled with 
regenerant to the point where it is just 
possible to fit the narrow-stem funnel 
mto the top of the tube with a rubber 
topper. The remainder of the regen- 
trant shall then be poured into the 
unnel. 

The fixed orifice or capillary shall 
placed at the bottom of the tube and 
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the clamp on the outlet opened. The 
bottle containing the rinse water shall 
then be placed in position. Regenerant 
and water shall be allowed to flow until 
the regenerant and displacement water 
have passed through the zeolite. 

It is advantageous to have a mark 
on the tube 100 ml. above the surface 
and to have 100 ml. of rinse water in 
the bottle in excess of that required 
for rinsing, so that the flow can be 
stopped when this top mark is reached. 
This avoids the possibility of intro- 
ducing air into the top of the zeolite 
by attempting to stop the flow of water 
exactly at the surface. 

18.9.2. Insufficient Volume of Re- 
generant: When the volume of regen- 
erant is insufficient to fill the tube 
completely above the layer, it is ad- 
visable to attach a rubber tube to the 
bottom of the funnel, so that the end 
will dip slightly into the regenerant. 
Then, the subsequent procedure shall 


be similar to that described in Sec. 
18.9.1. 
18.9.3. Quantities of Brine Used 


for Regeneration: The quantities of 
brine solution to be used for the initial 
regeneration of sodium zeolites are 
shown in the tabulation on p. 741. 
18.9.4. Composition of Rinse Water: 
The composition, temperature, pH, 
etc., of the rinse water shall be the 
same as that of the water to be treated. 
18.9.5. Volume of Rinse: The 
rinse volume (displacement volume) 
shall be passed through the zeolite at 
the same rate as the regenerant. After 
the displacement volume has passed 
through the test material, the fixed 
orifice shall be removed from the out- 
let line. Another fixed orifice, giving 
a flow rate of 50 ml./min. shall then 
be inserted, and at the same time the 


top of the tube shall be connected to 
the influent waterline, as illustrated in | 


Fig. 5(D). Flow of water through the 


zeolite shall be continued until the 
below-noted hardness can no longer 
be maintained—either: (1) 10 ppm. 
(as CaCO, ), using Standard Methods 
soap solution; or (2) such as to re- 
quire five drops of B&B soap solution 
(Standard Methods Field Softener 
Test). This point shall constitute the 
end of the rinsing operation and_ the 
start of the softening run. 


Sec. 18.10—Softening Run 
18.10.1. Starting Point: The hard- 
ness of the effluent at the standard 


starting point of a run shall be: (1) 
10 ppm. (as CaCO,,), using Standard 
Methods soap solution; or (2) such as 
to require five drops of B&B soap solu- 
tion to produce a permanent lather in 
40 ml. of the sample. 

18.10.2. Flow Rate and Exchange 
Velocity: The standard flow rate shall 
be 50 ml./min., which corresponds to 
12 ml./sq.cm./min., or 3 gpm./sq.ft. 
The exchange velocity shall be 2.14 
mE per min., or 0.0466 grains 
cu.ft./min., when softening a water with 
a hardness of 8.55 mE/1. (25 gpg.). 
Proportionate corrections should be 
made according to the area of the tube 


used. 


%’ The unit “equivalents per million grams” 
(epm.), tentatively approved by the Ameri- 
can Society for Testing Materials in 1940, 
appears to be more consistent when used 
together with the firmly established “parts 
per million” (ppm.), because each is a 
“weight per weight” unit. The abbreviation 
(epm.), however, introduces a serious in- 
consistency in that the letter “m” stands 
for “million grams” rather than for “million 
equivalents” as might be inferred from its 
significance in the term (ppm.). Because 
of this, and also because, in the use of 
weight per weight units, it is not always 
clear whether weights of solution or weights 
of solvent are meant, the Zeolite Manual 
Committee prefers to use the weight per 
volume units, i.e., milligrams per liter (mg./ 
1.) and milligram equivalents per liter 
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18.10.3. End-Point: The hardneg 
of the effluent at the standard eng 
point of a run shall be: (1) 16 4 
(as CaCO,), using Standard Methog, 
soap solution; or (2) such as to re 
quire eight drops of B&B soap solutigp 
to produce a permanent lather in 4 
ml. of the sample. 

18.10.4._ Composition of Effluent 
In addition to checking the hardnes 
of the softened effluent at frequent jp. 
tervals throughout the run, it is es 
sential also to check the pH _ value Sec 
methyl orange alkalinity, phenolphf A 
thalein alkalinity and free CO, at in. cape 
tervals, particularly at the start of af zeol 
series of runs with new zeolite. ml. 
The 
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Sec. 18.11—Calculation of Capacity 


18.11.1. Capacity in the Test: The 
results of the individual test runs shal 
be recorded and, from the volume ¢ 
water softened, volume of zeolite ané 
hardness of water used during. softer- 
ing, the exchange capacity shall bk 
calculated by the following equations: 


Kilograins/cu.ft. 


mE/I. 
g. (105°C.) per I. 


Capac. (mE/g.) = 


In special where appreciabk 
hardness is present in the effluent, the 
calculations must be corrected for thi 
residual hardness remaining in th 
softened water. 

18.11.2. Capacity as Received: Iti 
often desirable to test a shipment ¢ 
zeolite when received, but before it 1 
put in place. A convenient method © 
accomplishing this is to prepare a tes 
layer in a piece of pipe of convenier 
diameter (preferably 6 to 8 in.) ané 
with freeboard sufficient to allow 


Cases 


Pore 


= 
| 


east OO per cent zeolite expansion. 
The test model should be built with the 
same depth as its counterpart. The 
hard water influent shall be metered 
and the effluent checked volumetrically. 
The methods described in Sec. 18.11.1 
shall be followed, but the salt dosage 
should be that set forth in the speci- 
fcations for the particular installation 
in question. (See Supplementary 
Notes, page 750.) 
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Section 19—Color Leaching Test 


After making a number of exchange 

at in-§ capacity runs in the sodium cycle, the 
t of af zeolite shall be regenerated with 400 
ml. 5 per cent brine (NaCl) solution. 
The brine solution shall be made _ to 
fow through the zeolite at 20 ml./min. 
The material shall then be rinsed with 
400 ml. distilled water at 20 ml./min. 
Rinsing shall be stopped when the 
water level is 1.26 cm. above the surface 
of the test material. The water shall 
be allowed to stand in the unit over- 
night (preferably for 16 hr.), and then 
drained into a beaker for the color 
determination by the procedure of 
{Standards Methods (page 13). 
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Section 20—Porosity 
No published data are as yet avail- 
able to indicate a definite quantitative 
relationship between the porosity of 
different zeolites and their practical 
operational behavior. These proce- 
dures are included in order to make 
available a standardized basis upon 
which such characteristics of seolites 
can be studied, 
Sec. 20.1—Detailed Method 

20.1.1. Pore Volume and Porosity: 
The pore volume of a given quantity 
Sof granules can be expressed by the 
: following equation : 


Pore Vol. = Zeolite Vol. — Void Vol. 
— Displ. Vol. of Solid. . (1) 


~When the solid granules are immersed, 
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and the porosity can be expressed as 
a percentage of the actual summation 
volume of the individual granules, ex- 
cluding the void space between them, 
as indicated in the following equation : 
Porosity 

Pore Vol. 


Pore Vol. + Displ. Vol. “ 4 


Unfortunately, it is difficult to define 
and measure some of the quantities on 
the right side of the equation. 

20.1.2. Zeolite Volume: The vol- 
ume of the zeolite unit can be deter- 
mined with a considerable degree of 
precision by several different tech- 
niques which give values over a range 
from a minimum dry volume to a 
hackwashed and drained volume. The- 
difference between these two extremes — 
for materials that swell upon immer-_ 
sion may be as great as two- or three- — 
fold, and it becomes a matter of defini-— 
tion which reference state shall be- 
selected in this large possible volume_ 
range. 

20.1.3. Void Volume: The volume 
of void space between the granules _— 
varies, of course, with the type of zeo- _ 
lite volume arrangement selected. It 
is also diffieult to define the point at — 
which fissures in the granules should 
be regarded as void space instead of 
pore space. Various techniques 
distinguishing between the void space — 
and pore space have been described in 
the literature, but the methods are— 
complicated and are inevitably limited — 

by the difficulties of definition. 

20.1.4. Displacement Volume: 


the displacement volume is relatively 
easy to determine and remains constant 
regardless of the techniques used for 
defining the zeolite volume and the 
void space. A convenient apparatus 
for determining the ‘displacement vol-— 


f the amount of water necessary to im- 
_ merse the sample of solid granules, 
_ whose displacement volume is to be 
-measured, is first introduced into the 
large burette. All air bubbles below 
the water level are removed by raising 
and lowering the dropping funnel 
: slowly two or three times. The level 
| 4 of water is then adjusted just at the 
> bottom of the stopcock in the dropping 
funnel. The stopcock is then closed 
and the water level in the burette re- 
corded. Next, the sample of granular 
material is introduced into the water 
in the burette. All air bubbles are 
removed again by raising and lower- 
ing the dropping funnel in such a way 
that a series of backwash treatments 
are carried out. This process is re- 
peated over a period of time until con- 
secutive readings of the final water 
level in the burette become constant. 
In taking the readings of the water 
level plus the immersed solid, the level 
of the water in the dropping funnel is, 
of course, adjusted just at the base of 
mm the stopcock as in the initial measure- 
ment. 
‘ With such equipment, it is possible, 
with the single volume of water, to 
backwash a layer of granules until all 


e the air bubbles have been removed. 
7 The displacement volume of the solid 
is given by the difference between the 


level of the water at the start and that 
at the conclusion of the backwashing 
process. 

20.1.5. Quantitative Porosity Rela- 
tionships: No data are available to 
give quantitative relations between the 
porosity of different materials and their 
practical operational behavior. In 
general, the more porous materials are 
regarded as presenting a greater reac- 
tive surface to percolating solutions; 
hence, it would be expected that they 


A.W.W.A. TENTATIVE MANUAL 


Vol. 35 


would exhibit a higher capacity within 
a practical time limit. The more po- 
rous materials may, however, be more 
fragile and may undergo more serious 
disintegration in long-term operation. 
Similarly, the more porous materials 
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are regarded by some as more subject 
to being rendered inactive because of 
clogging of the surfaces with fine par- 
ticles of suspended solids. Hence, in 
addition to the difficulties of defining 
and determining porosity, there is some 
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question even as to its theoretical sig- 
nificance in relation to practical opera- 
tion of granular materials in percola- 
tion cycles. 

20.1.6. Quantitative Porosity Meas- 
urements: Of the various quantities 
related to porosity, the minimum dry 
volume (MDV) and the backwashed 
and drained zeolite volume (B&D 
Vol.) measurements and the displace- 
ment volume measurements can be 
made with the greatest facility and 
accuracy. Since uniformly sized gran- 
ules of the same general character, in 
a given type of volume arrangement, 
possess the same void space, it seems 
likely that a given quantity of porous 
materials exhibits relatively small dis- 
placement volumes, e.g., a synthetic 
siliceous zeolite gave a displacement 
volume of 27 per cent of its minimum 
dry volume while relatively non-porous 
materials gave displacement volumes 
as high as 100 per cent of their mini- 
mum dry volume. The two quantities 
can be described by the following equa- 
tions: 


Displ. Vol. 
MDV 


or 


% Pores (M DV) + Vo 
= 100 % Vol. (MDV) 


_ MDV — Displ. Vol. x 100 (4) 
MDV 


% Displ. Vol. (MDV) = x 100. (3) 


and 


Displ. Vol. 


B&D Vol. 


% Displ. Vol. (B&D) = 
or 
% Pores (B&D) + Voids eae 
= 100 — % Displ. Vol. (B&D) 
_ B&D Vol. — Displ. Vol. Vol. 
B&D Vol. 


20.1.7. Practical Application of 
Data: It will undoubtedly be some time 


x 100. .(6) 
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before data of this character can be 
related to the practical operational be- 
havior of various samples of material 
in the field. A convenient means of 
following porosity characteristics on 
the basis of simple accurate measure- 
ments, however, is provided in the 
technique described, and a mass of 
routine measurements in the future 
should serve to establish its significance 
in testing the quality of granular media 
in field use. 


Sec. 20.2—Short Method—Alternate 
No. 1 


About 40 ml. of oven-dried zeolite 
shall be poured into 50 ml. water in a 
100-ml. graduate. The material shall 
be agitated thoroughly. Sufficient 
time siall be allowed for the water 
to enter the pores, for the released air 
bubbles to escape and for the water _ 
cool off to room temperature ~<a 
(placing dried zeolite in water raises — 
temperature). The volume of water 
displaced by the dried zeolite shall be 
assumed to represent the absolute vol- 
ume of zeolite (exclusive of inter-— 
stices and pores). 

The adhering moisture from this 
wet zeolite shall then be removed by i: 
means of air-drying, being careful, — 
however, to avoid excessive drying 
which would again remove some of 
the moisture from the pores. This _ 
zeolite with moisture-filled pores shall — 
then be placed in 50 ml. water in a_ 
100-ml. graduate. In this case the 
volume of water displaced equals ab- 
solute volume of zeolite plus pore vol- 
ume. 

To obtain the volume of pores, the me 
absolute volume previously obtained 
shall be deducted from this absolute oats 
volume plus pores: 


Pore Vol. 
Abs. Vol. + Pores 


% 
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Sec.  20.3—Short Method—‘Wet- 
Down” Density—Alternate No. 2 


20.3.1. Procedure: A 100-ml. grad- 
uate shall be weighed on a balance. 
50 ml. water shall be added and about 
50 ml. of material “as received” poured 
in slowly. The material shall then be 
stirred well, tamped and _ weighed. 
Volume of wet material in graduate 
and total volume of water plus mate- 
rial shall be noted. 

20.3.2. Calculation of Wet-Down 
Density: Wet-down density shall be 
calculated as follows: Let a= weight 
of graduate, empty, and b = weight of 
graduate filled; then (’—a—50) = 
weight, in grams, of sample taken 
(W). Also, let V = volume occunied 
by sample under water; then W/V = 
specific gravity of sample in place, and 
W/V X 62.4= pounds of material “as 
received” to give 1 cu ft. in place. 

20.3.3. Oven-Dried Samples: A 
similar determination shall also be 
made on oven-dried samples and the 
result recorded as the weight per cubic 
foot of the material on a 105°C. dry 
basis. 

20.3.4. Swelling: Materials that ex- 
hibit swelling tendencies shall be 
checked at intervals after the start of 
the soaking period and the volume 
determined when swelling has ceased. 


Section 21—Chemical Composition 
of Synthetic Siliceous Zeolites 


Sec. 21.1—Sampling 


The procedure for sampling of zeo- 
lites (Sec. 4) shall be followed. 


Sec. 21.2—Preparation of Sample 


About 10 g. of zeolite to be tested 
shall be washed in a strong salt solu- 
tion (about 50 per cent saturation) and 
then washed with distilled water until 


free from chlorides. The material shall 
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then be oven-dried (see Sec. 11.1) 
(An air-dried sample may be used i! 
desired, making a correction in weight 
for the moisture content). The sam- 
ple is then ready for chemical analysis. 


Sec. 21.3—Determinations 


21.3.1. Loss on Ignition: In a plati- 
num crucible, approximately 1 g. of 
oven-dried sample accurately weighed 
shall be heated to a dull red heat for 
20 min., then cooled in a desiccator 
and reweighed. The percentage loss 
on ignition on the oven-dried sample 
then equals: 


Loss in wt. 
Wt. of sample 


21.3.2. Silica: About 0.5 g. of oven- 
dried sample shall be weighed accu- 
rately and placed in a platinum or 
porcelain dish. The sample shall be 
moistened with distilled water, then 20 
ml. of 6 N HCl shall be added and the 
sample evaporated to dryness on a 
steam or water bath. The procedure 
shall be repeated by adding an addi- 
tional 20 ml. of 6 N HCl and evaporat- 
ing to dryness a second time. The 
material shall then be dried at 105°C. 
for 1 hr. (See Supplementary Notes, 
page 750.) 

The residue shall be redissolved with 
5 ml. concentrated HCI followed by 50 
ml. distilled water. Following this, 
the residue shall be filtered, using an 
ash-free paper, and washed free of 
HCl, saving the filtrate and washings. 
The filter paper and residue shall then 
be placed in a platinum crucible (not 
porcelain), dried, ignited at 1200°C. to 
constant weight, cooled in desiccator 
and weighed (first residue). 

The contents of the crucible shall 
then be moistened with 2 drops of 1: 1 
sulfuric acid, followed by 5 ml. of hy- 
drofluoric acid. The crucible shall be 
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ms 
heated gently under the hood to expel 
the excess hydrofluoric acid, after which 
the heat shall be increased until all 
fumes of sulfuric acid have been ex- 
pelled. The residue shall again be 
ignited to 1200°C., cooled in the desic- 
cator and weighed (second residue). 
Then: 


Wt. of first residue — Wt. of second residue 


Wt. of sample taken 
xX 100 = % Silica in oven-dried sample 


The final residue in the crucible shall 
then be dissolved by fusing with a 
little potassium bisulfate and dissolving 
in a little dilute H,SO,. This solution 
shall then be added to the original 
filtrate and washings and used for the 
determination of alumina. 

21.3.3. Alumina: The alumina de- 
termination shall be made as follows: 

To the solution, evaporated to ap- 
proximately 100 ml. and free from 
phosphoric or arsenic acid and elements 
that would precipitate with aluminum, 
shall be added 5 g. NH,Cl and 5 ml. 
concentrated HNO,. solution 
shall then be heated to boiling and 
allowed to cool. To the cooled solution 
shall be added 2-3 drops of an indi- 
cator with a pH range between 6.5 and 
7.5. Then, dropwise, very carefully, 
irom a burette, shall be added NH,OH 
(dilute 1:1; free from carbonate) un- 
til the alkaline color is obtained (pH 
7.5). The solution shall then be 
heated to boiling and filtered. The 
precipitate shall be washed with a 2- 
per cent solution of NH,NQ,. 

The precipitate shall be dissolved in 
a small amount of hot, dilute HCl and 
ee to eliminate, as com- 
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pletely as possible, occluded substances. 
It shall be ascertained that the solu- 
tion of the hydroxide by HCl is com- 
plete and that the alkalinity in re-_ 
precipitation does not exceed the limit 
recommended. 

The precipitate shall be washed free 
of chlorides, using the 2-per cent 
NH,NO, solution, and then shall be 
drained. The filter and its contents — 
shall be placed in a platinum or porce-— 
lain crucible, ignited, gently at first 
until the paper is thoroughly charred, 
at which time the heat shall gradually 
be increased. The crucible shall then 
be covered and heated to a glowing 
white temperature, cooled in a desic- 
cator and weighed rapidly. The heat- 
ing, cooling and weighing shall be re- | 
peated until a constant weight is ob- => 
tained. 

The precipitate shall then be weighed 
as alumina (Al,O,) unless a reddish 
tint indicates the presence of iron, in 
which case it shall be weighed as R,O,, > 
determining the iron (Fe,O,) separ- 
ately, and subtracting it from the 
R,O, reading. (See Supplementary 
Notes, page 750.) 

21.3.4. Sodium Oxide: Sodium ox- 
ide shall be determined on the basis 
that the sum of percentages (ignited — 
weight basis) of silica (SiO,) plus 
alumina (AI,O,) and iron oxide 
(Fe,O,) subtracted from 100 equals 


the percentage of sodium oxide 

(Na,O). Also sodium may be de 

termined directly by any standard 


method of analysis. 

21.3.5. Moisture at 105-110°C: 
Moisture shall be determined accord- — 
ne to the procedure outlined in Sec. 


| 
f 


oo The italic headings identifying these notes refer to the section. of the manual to which 


the y relate and not necessarily to the statements contained in the notes. 


Sec. 7.2—Air-Drying Procedure: The air- 
drying procedure outlined in Sec. 7.2 of the 
manual may also properly give attention to 
the following requirements: room tempera- 
ture shall be maintained at 70°F. + 10°F.; 
humidity shall be determined and noted, 
avoiding test under extreme atmospheric 
moisture conditions; drafts shall be elim- 
inated. 


Sec. 17.1.1—Solutions: If cp. sodium chlo- 
ride is not used for regeneration of samples, 
an analysis of the salt used shall be made 
by accepted methods and the analysis re- 
corded; or an analysis of the brine shall be 
made and recorded. 


Sec. 18.11.2—Capacity as Received: The 
rinse rate of flow or length of rinse (in 
time) shall be as required for the type of 
zeolite used or as called for in general speci- 
fications for particular installations. These 
approximate: for greensand, 20-25 min.; for 
high-capacity greensand, 35-40 min.; for 
carbonaceous and resinous zeolites, 40-45 
min.; and for synthetic zeolites, 55-65 min. 


Sec. 21.3.2—Silica: The largest and most 
troublesome error in the silica determination 
is the one due to the solubility of the SiO, 
in the HCl. The amount of freshly precipi- 
tated SiO, that dissolves in HCl depends on 
the following conditions: (1) the amount of 
acid present; (2) the strength of the acid; 
(3) the temperature; and (4) the length of 
time the silica is in contact with the acid. 
There may be other conditions governing the 
solubility of SiO. in HCl, but these seem to 
be the principal ones. By far the most im- 
portant is the amount of acid used. Most 
chemists use acid of about the same strength 
to treat the dehydrated silica. The assays 
are brought to a boil, insuring the same tem- 
perature, and are boiled for a fairly uniform 


-Tength of time. Few, however, consider the 
ta 
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importance of using a definite amount of 
acid. When a small amount of SiO, is 
present, the amount dissolved is proportional 
to the quantity of acid solution present and: 
not to the amount of SiO, in the sample. 


Sec. 21.3.3—Alumina: (a) The precipita- 
tion of aluminum hydroxide is complete be- 
tween pH 7.0 and 7.5. Indicators showing 
an alkaline reaction at 7.0-7.5 should be used. 
With a pH exceeding 10, the hydroxide is 
appreciably soluble, aluminum later appear- 
ing with the calcium and magnesium pre- 
cipitates, 

(b) Since the carbonate is precipitated by 
addition of lime in the distilling flask, the 
freshly distilled ammonia is best kept in a 
ceresine or paraffin bottle. It will then re- 
main free from silica, which it invariably 
contains when confined in glass bottles. 

(c) It is advisable to filter as soon as 
possible after making the precipitation of 
Al(OH),;. Long heating of the mixture 
containing the aluminum precipitate is ob- 
jectionable because: (1) The solution is apt 
to become acid, due to the decomposition of 
ammonium salts and the volatilization of 
ammonia. (2) The precipitate will become 
slimy and will be difficult to wash and filter ; 
it is preferable to redissolve and again pre- 
cipitate if this condition occurs. (3) The 
CO, of the air is apt to be absorbed by the 
solution, causing the precipitation of calcium 
carbonate, etc., if the solution is exposed for 
any length of time. (4) Silica from the 
beaker will contaminate the precipitate. 

(d) Washing the precipitate with am- 
monium nitrate prevents the aluminum from 
passing through the filter and keeps it from 
packing. It favors the formation of the in- 
soluble hydrogel form of the hydrate while 
preventing the formation of the soluble hy- 
drosol. 
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| Yegiaed phases of the development of 
water treatment have been as in- 
teresting as the measurement of odor. 
Despite imperfections, the odor test 
has assumed ever-increasing usefulness 
in production of acceptable water. At 
present, with shortages of material and 
personnel, the improvement of this es- 
sential test takes on added importance 
in maintenance of efficiency and econ- 
omy in water plant operation. 

Interest in the nose as a measuring 
instrument has been further increased 
by the likelihood that no man-made 
device will supersede it for some time. 
It was true that, for a period, during 
the development of the electron tube, 
which has revolutionized other analyti- 
cal procedures, there was a reasonable 
hope that an apparatus would be 
evolved which would free the odor test 
from the idiosyncracies of the human 
nose. Such hope it appears is not to 
be realized; the olfactory sense with 
all its deficiencies remains among the 
most sensitive devices for detecting 
small amounts of matter known to 
man. Unfortunately it is one of the 
least precise instruments man is obliged 
to use. 

Notwithstanding the fact that for 
over a half-century the water-dilution 


A contribution by Harold A. Thomas Jr., 
Instructor in San. Eng., Harvard Graduate 
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method has been employed in odor 
testing, no general agreement exists 
today as to what precision of odor 
measurement is attainable. Until 
agreement is reached; much of the 
sphere of utility of the test must re- 
main unmapped. Present practice, in- 
volving the comparison of competitive 
activated carbons and accurate dosage 
for reasons of economy, demands a 
more precise method of measuring 
odors than provided in the 1936 Stand- 
ard Methods (1) technique. 

The important question at the pres- 
ent time is whether or not the precision 
of odor measurement may be increased 
to meet the new demands. Expert 
opinion diverges at this point. Some 
doubt whether the precision can ever 
be made sufficiently high; others have 
shown experimentally that under cer- 
tain conditions a very high degree of 
precision is attainable. Conflicting 
opinions and test data have left doubt 
in the minds of many as to the status 
of the test. In view of the great value 
of precise odor measurement to the 
water profession, it is important to 
determine whether the discrepancies 
can be resolved in a rational frame- 
work, 

On the basis of a review of published 
work and additional tests reported 
herein, it is optimistically believed that 
previous experimental differences may 
be eaaneensn in fact, that they may be 
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traced to two or three main sources. 
There can be no doubt that far more 
precision is possible than has generally 
been obtained. 

An element of compromise exists, 
however; certain desirable features 
must be sacrificed in the modifications 
necessary to obtain the requisite degree 
of precision. This degree, moreover, 
sometimes can only be obtained at the 
expense of considerably more labora- 
tory routine. Although there are un- 
doubtedly persons physically incapable 
of performing the refined test and al- 
though there are certain odors with 
abnormal characteristics that defy meas- 
urement, it appears to be certain that 
odor determination may be placed on 
a sufficiently precise level to achieve 
the ends desired. 

To evaluate more fully the poten- 
tialities of the nose in the precise meas- 
urement of odor, it is worth while to 
consider briefly the important develop- 
ments of the past that have a bearing 
upon precision. 


Water Dilution Method 


Early work in the field of odor meas- 
urement has been discussed by Gamble 
(2) and Fair (3); more recent devel- 
opments are presented by Hulbert and 
Feben (4), Spaulding (5, 6) and in 
the report of the A.W.W.A. Commit- 
tee on Activated Carbon Research (7). 
Significant developments may be sum- 
marized as follows. 


1. A marked difference exists in 
characteristics of odors met in water 
works practice. This alone accounts 
for much experimental discrepancy and 
conflicting opinions. Some odors can 
be measured precisely; others cannot. 
Basic research has conclusively shown 
that although the weight of any odor- 
ous substance required to produce a 
sensation 
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with respect to: (a) the concentration 
that may be detected and (b) the per- 
centage increase (or decrease) that 
may just be detected. 

These facts are well known and need 
mention only to emphasize that, when 
all sources of error are reduced to the 
minimum level feasible, inherent dif- 
ferences in the chemicals producing 
odor will inevitably cause differences 
in the precision attainable at different 
water treatment plants. 

Experiments have shown that, with 
a few odorous compounds, the water 
dilution method fails completely. This 
failure occurs with substances im- 
miscible in water. With such sub- 
stances, the pressure of the odorous 
vapor is independent of the propor- 
tions of odor-free water and sample, 
thereby rendering the test result mean- 
ingless. These chemicals are not com- 
monly encountered, but their presence 
undoubtedly serves to explain occa- 
sional erratic test results. In the event 
that the water dilution method proves 
unsatisfactory with a given odor, re- 
course may be had to the air dilution 
method developed by Fair and Wells 
(8). 

Despite the existence of unusual 
chemicals, however, it is probable that 
the water dilution method is generally 
satisfactory for routine tests. 


2. Odor-free water exists as an ab- 
straction approached only imperfectly 
in practice. The very use of the term 
“odor-free” betrays a confusion, for 
there can be no complete absence of 
odor any more than complete absence 
of light, heat or sound. What is com- 
monly implied by the term is sub- 
threshold water. Baylis (9) and Hel- 
big (10) have indicated the importance 
of the error in test results due to con- 
tamination of the dilution water at 
concentrations below the perception 
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level. Experiments with different dilu- 
tion waters show that the error is 
particularly large with certain chemi- 
cals such as phenol. The indications 
are that this source of error may be 
minimized but not eliminated. There 
are practical limitations upon the 
amount of care that may be expended 
in the preparation and storing of odor- 
free water. The method of preparing 
dilution water must be selected on the 
basis of the type of odor to be meas- 
ured and the precision desired. For- 
tunately, the influence of the dilution 
water is readily subjected to investi- 
gation by direct comparison in the 
individual laboratory. 


3. The variation in the level of sen- 
sitivity of the olfactory sense must be 
taken into account in odor measure- 
ment. Actually there are two charac- 
teristics of the nose that influence the 
test result: a certain temporal mean 
level of sensitivity and an irregular 
fluctuation in sensitivity from the mean 
level. With the level of sensitivity 
constantly changing, even under the 
most carefully controlled conditions, it 
is to be expected that odor measure- 
ments will reflect the variation, giving 
rise to discrepancies inherent in the 
test. 

Some of the reasons for the fluctua- 
tion in the level of sensitivity are phys- 
iological; others are psychological. 
These have been discussed by Fair (3), 
Gamble (2), and more recently by 
Feben (4). The established facts 
having a direct bearing upon the ques- 
tion of precision are as follows: 

a. The rate of fatigue is approxi- 
mately proportional to the concen- 
tration sniffed. This emphasizes the 
importance of devising experimental 
techniques in which most of the flasks 
tested are in the vicinity of the thresh- 
old value. Such flasks have low con- 
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centrations of odor and hence cause less 
fatigue. 

b. The use of the blank refreshes the 
sense only imperfectly and does not 
stop the slow downward trend of sensi- 
tivity due to fatigue. It does serve a 
useful function in clearing the olfactory 
cavity of odor residuals after testing 
each dilution. 

Probably one of the most significant 
developments has come with the use 
of the blank in providing a basis of 
comparison with each dilution of the 
sample tested. Spaulding has advo- 
cated this procedure and has shown 
that the increase in precision brought 
about is considerable. In comparing 
each sample with the blank, the ob- 
server is able to detect very small dif- 
ferences in intensity and therefore to 
establish the threshold with a high de- 
gree of precision. Recent work has 
indicated the advisability of renewing 
the blank at frequent intervals during 
the test. 

c. The nose is fatigued at different 
rates by different odors. Since most 
natural waters contain a mixture of 
different odorous substances, all with 
different rates of fatigue and all af- 
fected in this respect in a different man- 
ner by dilution, it is evident that no 
high degree of precision of measure- 
ment can obtain unless fatigue is com- 
batted by every expedient. 

d. Some observers, including Aron- 
son (11) and Feben (4), have men- 
tioned the hypothesis that odorous par- 
ticles entering the nose must go into 
solution with the mucous secretion. 
The sensation of odor is dependent on 
the resultant concentration which in 
turn is dependent not only upon the 
number of odor molecules entering, but 
also upon the amount of secretion. 
Since mucous secretions are known to 
vary with the individual, his state of 
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health (colds, etc.) and the tempera- 
ture and humidity of the atmosphere, 
it would appear that this circumstance 
alone would permit only a very low de- 
gree of precision of odor measurement. 
Others, including Zwaardemaker (12), 
have contested the assumption that 
odorous molecules must go into solu- 
tion in order to produce a sensation. 
They point out that the cilia of the ol- 
factory cells protrude through the cov- 
ering of mucus. Furthermore the dry- 
ing of mucus during such conditions as 
those accompanying rhinitis is confined 
almost exclusively to the Schneiderian 
membrane and not the delicate olfac- 
tory membrane. The incapacity for 
smelling during colds is due to swelling 
which obstructs the passage of air to 
the olfactory cavity and not due to 
changes in mucous secretion on the 
olfactory nerve. 

If it is true that the odorous mole- 
cules do enter the mucous secretion, 
they probably do not go into a solution 
in the usual sense of the word. The 
process is more likely to be one of ad- 
sorption on the mucous surface and, 
accordingly, a process in which the 
amount of the secretion is of less im- 
portance than if a true solution were 
formed. 

Although these causes for variation 
in sensitivity are not the only ones 
operative, they would appear to be 
among the more significant. They suf- 
fice to indicate that, despite all precau- 
tions, a residual discrepancy between 
test results is to be expected. 

Fortunately, in the case of an indi- 
vidual, the rate of variation in the level 
of sensitivity is not fast. Normally it 
may be quite constant for a period of 
several minutes. Hence, test results by 
a given observer measured over a short 
period of time do not reflect changes in 
sensitivity that would be introduced if 
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the tests were conducted over a more 
protracted period. Realization of this 
has brought about the introduction oi 
“parallel tests” in which a few samples 
are tested simultaneously. Usually the 
number of samples that may be tested 
is limited to two or three because of 
fatigue. Parallel testing has been ad- 
vocated by Spaulding (5) and Hassler 
(4), who have shown that the improve- 
ment in the precision of measurement 
with this procedure is indeed signifi- 
cant. Of course, parallel testing and 
interpretation of results on a relative 
basis does not help the operator de- 
termine the absolute threshold odor 
(T.O.) of the effluent so as to aid in 
determining exact dosages of odor- 
eliminating chemicals. It does, how- 
ever, enable him to compare the raw 
water with the treated and to compare 
the effects of different carbons. The 
adoption of this technique in many 
plants is a definite indication of its 
utility. Experimental results directly 
bearing on this point will be presented. 


4. Precise odor measurement is pos- 
sible without the use of nosepieces. 
This problem has received much atten- 
tion. Although nosepieces are not gen- 
erally used in routine water testing it 
should be pointed out that nearly all 
the investigators who carried out the 
extensive research of the nineteenth 
century found them indispensable in 
refined odor measurement. The chief 
advantage of the nosepiece is that it 
covers the nostrils and directs the odor 
to the olfactory cleft, excluding all ex- 
traneous odor that may be present. 
Against this undisputed advantage may 
be listed the following disadvantages : 

a. The additional interior surface of 
the nosepiece decreases the precision 
attainable due to the adhering of many 
types of odorous molecules to the glass 
or metal surface. Gamble (2) has 
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shown that errors from this source may 
occasionally be large but that they may 
be corrected by using two nosepieces of 
different length. 

b. The proper cleaning of the nose- 
piece between each application to the 
nose imposes an additional amount of 
work that may be objectionable in rou- 
tine testing. 

c. An undesirable amount of fatigue 
may be occasioned by the additional 
inhalation required to fill nosepiece 
with the odorous vapor. It has been 
demonstrated by the use of colored va- 
pors that most nosepieces, particularly 
the larger ones, are not filled spon- 
taneously to saturation by simply im- 
mersing the open end of the tube in the 
vapor above the freshly shaken contents 
of the flask. Time is required for the 
establishment of equilibrium and it is 
usually expedient to hasten the process 
by inhalation to draw up the vapor. 
Such inhalation occasions unnecessary 
fatigue. 

The weight of these advantages and 
disadvantages will differ with the indi- 
vidual; the matter should be decided 
independently by the observer himself. 
One significant fact seems to be estab- 
lished. In testing without a nosepiece 
the shape of the flask used has an im- 
portant bearing on the precision attain- 
able. The most important character- 
istic of the flask is a mouth wide enough 
to admit the nose, but not so wide as 
to admit extraneous odors or diluting 
air during the instant of sniffing. A 
second desirable feature is that the flask 
be fitted with a ground glass stopper 
making possible a more vigorous and 
uniform shaking of the contents. 


5. The temperature of the sample 
during the test markedly affects the 
threshold level and, to a lesser degree, 
the precision. Generally, however, 


temperature does not have any pro- 


CALCULATION OF THRESHOLD ODOR 


nounced bearing upon the precision 
with which the threshold may be esti- 
mated. It is true that experimental 
results indicate a progressive decrease 
in precision as the temperature is in- 
creased beyond 30°C. The loss of 
precision is not large if the sniffing is 
conducted quickly and in a uniform 
manner. The loss is probably caused 
by irregular cooling of warmed flasks 
by evaporation while testing. This 
cooling effect is enhanced when nose- 
pieces are used. Since the effect is 
slight, it would appear that considera- 
tions other than that of precision at- 
tainable should govern the selection of 
the temperature to be used. 


6. Fundamental in odor work is the 
applicability of the Weber-Fechner 
Law. The Weber-Fechner Law ap- 
plies with varying degrees of approxi- 
mation to the various senses of sight, 
hearing, etc. It states that the increase 
in sensation recorded on the brain is 
proportional to the relative (rather 
than the absolute) increase in external 
stimulus. Applied to the sense of 
smell, the increase in concentration of 
an odorous substance necessary to 
cause a just detectable increase in the 
sensation of odor is a constant fraction 
of the original concentration. Hence, 
sensation increases in arithmetic pro- 
gression as stimulus is increased in a 
geometric progression. 

That this law has a definite bearing 
upon the problem was conclusively 
shown by Gamble (2) in 1898. In 
1933, Fair (3) pointed out the impli- 
cations of the law pertaining to test 
procedure and interpretation. Chief 
among these is the requirement that 
the amount of sample be decreased by 
a constant percentage in each succeed- 
ing flask of the series. This procedure 
results in a uniform distribution of the 
odor intensities on the sensation scale 
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and promotes efficiency in testing. Fair 
also concluded that, in line with the 
_ theory, the odor should be measured 
on an arithmetic sensation scale (called 
an pO scale ) instead of the geometri- 
¥ 2 increasing dilution scale based on 


_ the stimulus. Other scales, such as the 
pH and the decibel scale for sound, 
= founded on similar principles. This 
method of reporting results has many 
advantages. Most important is the 
~ ease with which the work of different 


observers may be correlated and aver- 
aged; also the computation of devia- 
tions from average values is greatly fa- 


cilitated. 

It is not absolutely necessary, how- 
ie . er, to use a sensation scale; the ap- 
_ parent objectivity of the stimulus scale 
_ in odor work appears to recommend it 
to many. One disadvantage that per- 


be computed by means of logarithms to 
the unfamiliar base of two.* This, of 
course, is no disadvantage so long as 
the Standard Methods dilution table, 
based upon a 50-per cent decrease in 
the amount of sample in succeeding di- 
lutions, is employed. But this dilution 
table cannot be used in precise odor 
evaluation, hence the values in the pO 
scale are no longer simple integers but 
must be computed logarithmically. 
While it is possible to avoid the use 
of logarithms by using a stimulus scale 
based on dilution ratio, serious errors 
may result from failure to take into ac- 
count the non-linearity of such a scale. 
It is possible to employ arithmetic ma- 
nipulations on a geometric scale if the 


*The pO, which is the threshold value 
upon the sensation scale, is related to the 
T.O., which is the threshold dilution on the 
stimulus scale, as follows: 

pO = log, (T.O.) = 3.32 log, (T.O.) 
where : 

TO0.= Vol. odor-free water + Vol. Sample 


Vol. sample 
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range of values treated is small. The 
difference between the arithmetic and 
geometric mean, for example, is negli- 
gible if the T.O. values differ by no 
more than, say, 20 per cent; but if the 
percentage difference is large, such as 
400 or 600 per cent (often arising in 
odor work), arithmetic methods fail 
entirely. Even in so called “weight- 
ing” procedures, in which levels of 
sensitivity of different observers are ad- 
justed by factors based on arithmetic 
averages, considerable error may be 
introduced and incorrect conclusions 
formed as the result of treating a geo- 
metric scale by arithmetic methods. 
As will be seen, these difficulties may 
be overcome only by using an arith- 
metic sensation scale. 


7. Unless the odor test is conducted 
on a “blindfold basis” the result will 
bear a fictitious degree of precision. 
The “blindfold technique” is an impor- 
tant innovation in odor testing. The 
observer is not necessarily blindfolded, 
but is otherwise kept in ignorance of 
the sample and dilution of the flask in 
hand. It is quite evident that, unless 
this is done, extraneous psychological 
influences may enter and seriously dis- 
tort the test result. Recent testing pro- 
cedures, unlike that of the original 
Standard Methods test, have been 
unanimous in specifying some sort of 
“blindfold technique.” 


In summarizing the developments 
that have been made, it may be said 
that, while certain factors operate so 
as to introduce inaccuracies inherent 
in the test, advantage may be taken 
of others that greatly reduce the margin 
of error. Incorporating these features 
into the test, the following question 
arises: Does the improved test give re- 
sults precise enough to meet practical 
requirements? The answer is yes, sub- 
et to the qualification, inevitable in 
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‘the lowest dilutions (containing 
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all physical measurement, that  in- 
creased precision may involve more 
routine testing. 

The experimental program described 
below was undertaken primarily to de- 
termine how much routine is necessary 
to attain the degree of precision de- 
manded in water practice. Such a pro- 
gram is seen logically to divide into 
stages. The first of these is the de- 
velopment of more refined mathemati- 
cal tools to replace present coarse ap- 
proximate ones that fail to meet the 
needs of the situation. It will be seen 
that mathematical refinements, though 
perhaps somewhat abstruse in theory, 
definitely bring out the potentialities of 
the improved test without making the 
computations essentially more difficult. 
The second stage consists of the accu- 
mulation of data covering a wide range 
of waters and observers, using the im- 
proved technique and calculation. Then 
the connection between precision and 
routine will be evident, and questions 
regarding the utility of the test may be 
answered. 

While the second stage of the experi- 
mental program is not entirely com- 
plete, significant results have been ob- 
tained. These, together with some re- 
calculation of published data, are pre- 
sented and clearly delimit the capa- 
bilities of the human nose. 


Calculation of Threshold Odor 


In order to measure the precision at- 
tainable in odor testing, it is necessary 
first to consider the problem of trans- 
lating the positive and negative re- 
sponses of the observer to a numerical 
value for the T.O. concentration. 

If an observer tests, at random, a 
series of flasks containing odorous wa- 
ter in a geometric dilution progression, 
his results will fall into three zones. 
The first of these contains the responses 


THRESHOLD ODOR 


large amounts of the sample) and these 
will all be classified as positive. A sec- 
ond zone corresponds to the highest di- 
lutions which will all be negative. The 
third zone, corresponding to interme- 
diate dilutions, will contain both posi- 
tive and negative responses. This is a 
region of uncertainty on the part of the 
olfactory sense and has aptly been 
called by Spaulding the “twilight zone.” 
It is in this zone that anomalous results 
appear; frequently an observer will 
identify as negative a dilution lower 
than one he has previously identified 
as positive. 

It is evident that the number of dilu- 
tion steps in the twilight zone depends 
in part upon the percentage reduction 
in odor concentration between adjacent 
dilutions. The smaller the reduction 
the more difficult it is for the nose to 
distinguish difference in _ intensities. 
Therefore, the width of the twilight 
zone increases with a decreasing per- 
centage reduction in adjacent dilutions. 
If the reductions are made sufficiently 
large (i.e., 50 per cent, as in the Stand- 
ard Methods test) it is possible to con- 
tract the twilight zone to its minimum 
width of one dilution step. This, how- 
ever, renders the test incapable of giv- 
ing precise values of T.O. On the 
other hand, if the percentage reduction 
is made small in order to increase the 
precision attainable, anomalous results 
appear and must be taken into account. 

Although the twilight zone repre- 
sents a zone of uncertainty, it is quite 
incorrect to assume that the width of 
this zone constitutes a measure of the 
degree of reproducibility in odor tests. 
By taking the center of the twilight 
zone, as located by a consistent method 
of calculation, experiments definitely 
indicate that a much higher degree of 
reproducibility is attainable. The de- 
gree of precision thus attained — 
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Some methods are much more efficient 
than others and, consequently, provide 
a more satisfactory basis for computing 
T.O. 

At present the method by which test 
results in the twilight zone are manipu- 
lated is to “recess” the positives to fill 
anomalous negatives; that is, the pro- 
cedure is to reduce arbitrarily the width 
of zone to one dilution step and to as- 
sume that the T.O. concentration of 
this altered arrangement is the same 
as that of the actual test result. It will 
be shown that this procedure does not 
4 
n: 0 1 3 

Response: + + + + 


3.16 
4 


* Dilution not tested. 


Vol. sample + Vol. odor-free water 


Vol. 35 


ous chemicals. A variety of dilution 
tables were employed varying from a 
44- to a 5-per cent reduction of sample 
in adjacent flasks. In the testing pro- 
cedure every known modification in- 
creasing precision was introduced. The 
T.O. of each test was calculated by five 
different methods and the degree of re- 
producibility developed by each investi- 
gated. The five methods may be ex- 
plained most readily by an example. 
Using a 25-per cent dilution table, 
the following responses are reported by 
an observer for a raw water at 24°C: 


4.21 5.61 748 9.99 13.3 17.7 23.7 
5 6 7 8 9 10 11 


Where D = odor concentration = 


a usual geometric stimulus scale 


lead to the development of the high- 
est precision attainable. Several other 
methods of calculating the T.O., which 
develop more precision than the method 
of recession, have been tested. One 
need only to refer to similar cases, such 
as the “oyster score” and the “colon 
index,” both outmoded methods based 
upon recession of anomalous results. 
These have been replaced by more sat- 
isfactory methods of calculation, which 
suggests that a more refined method 
may exist to calculate the results of the 
odor test. A recalculation of published 
results, together with work done in the 
author’s laboratory, verifies this sug- 
gestion. In many tests there is a 


marked gain in precision with the use 
of more efficient methods of calculation. 

A series of tests have been made 
upon a variety of odorous samples. 
Tests have been conducted upon raw 
and treated natural waters as well as 
upon odor-free water dosed with odor- 


———= = 1/(1 — 0.25)"; the 


Vol. sample 


no. of the dilution; an arithmetic sensation scale dn as 


The five methods of calculation are as 
follows: 


Method A: This is the method of 
recession in which any anomalous posi- 
tives (7.48) are carried to the left to 
fill anomalous negatives. After the 
transfer is made, the T.O. is defined as 
the value of the odor concentration cor- 
responding to the highest dilution posi- 
tive. In the example, T.O. = 3.16. 


Method B: In this method, the T.O. 
is defined as that value of D halfway 
between the next to the highest dilu- 
tion positive (2.37) and the next to 
lowest dilution negative (4.21). In 
the example, T.O. = 3.16, which, by 
coincidence, checks with Method A. 
If the halfway point falls between two 
values of D, their geometric mean is 
taken as the T.O. 

Method C: The values of n for the 
three highest dilutions positive (2, 3, 
7) are added to the values of m for the 
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three lowest dilutions negative (4, 5, 6) 
and the mean n computed (4.5). The 
T.O. is the value of D corresponding to 
the mean value of n. In the example, 
the mean x of 4.5 lies halfway between 
D values of 3.16 and 4.21. Hence, 
T.O. = (3.16) (4.21) = 3.65. Often, 
however, it will be satisfactory to use 
ordinary methods of interpolation to 
transfer from one scale to another. 
This will depend upon the dilution in- 
terval and the precision desired. 


Method D: The T.O. is taken as be- 
ing halfway between the highest dilu- 
tion positive (7.48) and the lowest 
dilution negative (3.16). Hence, in 
the example, T.O. = V¥ (3.16) (7.48) 

4.86. 

Method E: In this method it is nec- 
essary to know, approximately, the 
value of a quantity called the coefficient 
of variability. The computation is 
based upon an equal number of nega- 
tive and positive responses, including 
all responses in the twilight zone plus 
as many of the non-anomalous re- 
sponses as possible. The only reasons 
for not including a response outside 
the twilight zone are: (1) that the in- 
clusion of the response would result in 
an unequal number of positive and 
negative responses, or (2) that the re- 
sponse is separated from those included 
by a dilution interval larger than that 
between those included. In the ex- 
ample, all responses would be included 
with the exception of the one for dilu- 
tion 23.7. The T.O. then may be com- 
puted by the following equation: 


TO. = [ Sum of (all positive 
Sum of (all negative D’s)~¢ 

Here the symbol a is the ‘coefficient of 

variability. This coefficient depends 

upon the training and experience of the 

observer and his natural variability in 

level of sensitivity. On the basis of 


test data available at present, Table 1 
gives applicable values of a. 
TABLE 1 
Values of the Coefficient of Variability 


a Characteristic of Observer 


0.0-1.5 | Poor discrimination; marked varia- 
tion in sensitivity; little or no ex- 
perience in odor determination 
1.5-3.0 | Average discrimination and varia- 
bility; some experience in odor 
determination 

3.0-6.0 | Superior discrimination; only slight 
variation in sensitivity; consider- 
able experience in odor deter- 
mination 


These values are tentative since only 
limited data are available. Moreover 
there is some evidence that, for a given 
observer, a varies slightly with the 
odor tested and changes somewhat de- 
pending on fatigue. In the majority 
of cases of routine testing, however, 
the number of types of odor dealt with 
are few. Consequently, a single value 
of the coefficient should ordinarily suf- 
fice. The development of the full pre- 
cision of the determination is pre- 
dicted upon a knowledge of the coef- 
ficient a for the observer. It may be 
estimated from Table 1 or more closely 
evaluated by analyzing test results over 
a period of time to determine that 
value of a giving the highest precision, 
as measured by the degree of repro- 
ducibility. For many, a may be as- 
sumed to be 2.0 or 3.0 without greatly 
affecting the precision attained. Thus, 
in the example, if a= 2.0, substituting 
in Eq. 1: 

T.O, = 
[ 1.00? + 1.33?+ 1.7724 2.372-+ 7.48? 


+ 13.3? 
= 4.26 


Eq. 1 was derived, making use of the 
“method of maximum likelihood” of 
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Eee theory which, in general, 
yields the most efficient statistics (13). 
The derivation is similar to that used 
in deriving the formula for the “most 
probable number” used in quantitative 
bacteriology. The T.O. calculated by 
Method E may be defined as the modal 
T.O. (M.T.O.), since it is more likely 
to represent the true threshold than 
any other T.O. value. 


Tests have shown that Method E 
gives results with precision significantly 
higher than the other methods if proper 
values of the coefficient a are used. 
The chief value of Method E would 
appear to be in research wherein, as 
in the present case, it may be used as 
a basis for evaluating other methods. 
If a high degree precision is not re- 
quired, a simpler method of calcula- 
tion may suffice. Of the methods 
tested, Method D has proved to be the 
most satisfactory, with Methods C, A 
and B following in that order. It may 
readily be shown that Method E be- 
comes identical with Method D when 
the coefficient of variability a is very 
large and becomes identical with 
Method A,,* when a is taken as zero. 
Hence, T.O. values computed by 
Method E must fall between those 
computed by Methods A, and D. 
There are theoretical reasons for sup- 
posing that Method B should provide 
efficient measures of T.O., but experi- 
ence has shown it to be less reliable 
than Methods D and E. Like E, C 
falls between A and D and may be 
taken as an approximation to E. 
Method C, unlike other simply calcu- 
lated methods, did not often deviate 
widely. In no series of tests was A 
found to give the best reproducibility, 
although it did not consistently give 


* Defined as 4 dilution interval higher 
than Method A. 


the worst precision. In fact, result 
with some observers, when calculated 
by Method A, gave precision that did 
not compare unfavorably with other 
methods, with the exception of the 
more elaborate Method E. 

It should be emphasized that the 
various methods give different results 
only when anomalous responses occur. 
If these do not appear, all methods 
give the same degree of precision. 
Hence the benefit of using more in- 
volved methods of calculation is real- 
ized only in testing in which anomalous 
responses frequently occur. In ordi- 
nary testing of some types of water it 
will be found that a sufficient degree of 
precision may be obtained by using a 
dilution interval sufficiently large so 
that anomalous results occur only oc- 
casionally. At present, it appears that 
such waters are not common, Ade- 
quate precision can scarcely be devel- 
oped if the dilution interval is greater 
than 25 per cent.* With a dilution 
interval of this size anomalous results 
appear in many tests; at 15 per cent 
they may be the rule rather than the 
exception. A considerable difference 
is noted among different types of 
water ; samples from one supply regu- 
larly gave anomalous results at 35- and 
44-per cent intervals, while samples 
from another source gave mostly non- 
anomalous tests at 10 per cent. Tests 
with a 5-per cent dilution interval 
consistently gave anomalous responses. 

In Table 2 is presented a series of 
parallel tests on tap water, using a 15- 
per cent dilution table, which brings 
out the differences in the various meth- 
ods of calculation. In each test, paral- 
lel determinations were conducted on 


* The dilution interval S=25 per cent 
means that the amount of sample is reduced 
by 25 per cent in each successive dilution. 
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each of two identical portions of a 
sample of tap water, the observer being 
ignorant of their identity. Since the 
deviations were not large, it is per- 
missible to use the arithmetic average 
deviation to compare the reproducibil- 
ity as computed by each method. The 
mean value of all the average devia- 


TABLE 2 


ll  Comparioon of T.O. Values Obtained by Various Methods of Calculation 
for Five Sets of Parallel Odor Measurements on Tap Water 


s,s CALCULATION OF THRESHOLD ODOR 


degree of precision than generally ob- 
tained with a 15-per cent dilution table. 

In general, Method D appeared to 
be the most satisfactory. It combines 
ease of computation with reliability of 
measurement ; consequently it was used 
in computing the data presented in the 
following sections. It should be re-. 


Dilution Interval, S = 15 per cent 


Test 1—8/17/42 Test 2—8/18/42 | Test 3—8/20/42 (a.m.) | Test 4—8/20/42 (rm.)| Test 5—8/22/42 
n D } 
(a) (b) (a) | (b) (a) (b) (a) (b) (a) (b) 
“0 + + + + + + 
pu 7\+ + + + + + + + + + 
(1. 
(1. 
3 1.63 |+ - A - 
(1.77) BCDE 
4 1.92 |—AB + - + +A - - - + 
(2.08) D BCDE 
5 2.25 | — El+ +A + +A 
(2.44) D Cc BC D BCDE 
6 + B + ~ — 
(2.87) BC E Cc 
7 3.12 |+ - +A D - - +B + - 
(3.39) Cc 
(3.98) 
(4.67) 
Ava. Avg. Avg. Avg. Avg. 
Result T.0.. |T.O.»|Dev.*| T.0.. {T.O.»|Dev.*| T.O.. |T.0.v|Dev.*| T.O.. |T.O.v|Dev.* 
MethodA | 1.92 |2.25| 8° 3.12 |2.65| 8%| 192 1|1.63| 8%] 2.25 |2.65] 8%| 2.65 |225) 8% 
Method B 1.92 |265/16%| 3.67 |2.87/12%! 2.08 11.77] 8% | 244 |3.12/12%| 265 |244| 4% 
Method C 2.08 |2.44| 8%] 330 |2.87] 7%| 2.08 11.77) 8% | 251 |2.87| 7%] 2.72 |2.44| 5% 
Method D 2.44 |2.08| 8%| 265 13.12] 8%| 2.08 8% | 265 |244| 4%] 265 |244| 4% 
Method E 9.18 |234| 4%| 317 12.95] 4%} 2.08 |1.77| 8% | 254 12.74] 4%| 2.75 1244] 6% 


* Avg. Deviation = (T.0., — + (T.O.. + T O.5). 


tions for the five tests are: A, 8 per 
cent; B, 10.4 per cent; C, 7 per cent; 
D, 6.4 per cent; E, 5.2 per cent. 
Method E gives the least variation and 
Method B the highest. Easily com- 
puted Method D is somewhat more 
precise than A, the method of reces- 
sion. These results are fairly typical 


marked that, with inexperienced ob- 
servers or persons with marked varia- 
bility in sensitivity, Method D may not 
be as satisfactory as other methods in 
that it will occasionally give erratic 
results, in line with the theory devel- 
oped in connection with Method E. 
This does not mean that in tests 
with unusually wide twilight zones 
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Method D is less satisfactory. 
in such tests, the method usually pro- 


Even 


a vides greater precision. An instance 
of this may be seen in the interesting 
_ case recorded by Spaulding (5) in 
_ which Observer F, who was usually 


‘s consistent, suffered a temporary period 
_ of uncertainty of response and ‘gave an 


_ unusual number of anomalous results 
in contrast to Observer E who turned 
ina perfect record with no anomalous 
response on the same sample. If Ob- 
server F’s record is calculated by 
Method D an excellent agreement with 
_ Observer E appears, despite the un- 
~ usual number of anomalous results. 
On the other hand with the usual 
method of calculation (Method A) the 
results of the two observers show poor 
correlation. 


Precision of Odor Measurement _ 


Precision depends upon the extent 


of the dispersion of the individual 
measurements. Precision may be com- 
puted from the usual dilution (stimu- 
lus) scale using ordinary arithmetic 
methods if the range of values repre- 
sented is not excessive. Often in aver- 
aging the results of different observers, 
however, large differences in sensitivity 
are encountered and arithmetic calcu- 
lations with T.O. values fail to give 
satisfactory measures of dispersion. In 
fact, occasionally, the average deviation 
will be larger than the arithmetic mean, 
implying the existence of negative 
threshold values, which is impossible. 
At best, ordinary average (or stand- 
ard) deviations, whether or not com- 
puted on a percentage basis, give an 
inaccurate representation of the nature 
of the dispersion of items about the 
mean. Experimental results (in ac- 


cord with the Weber-Fechner Law) 
consistently exhibit larger deviations 
above the mean than below the mean. 


calculated 
_F.O. values, the average range would 
be 26:100:174. Although in this ex- 
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The correct way to represent the dis- 
persion may be illustrated by the fol- 
lowing example: Three observers re- 
port T.O. values for a sample as 1.5, 
2.0 and 8. The necessary computations 
are given in tabular form as follows: 


Obs. T.0O. logi T.0. (log T.O.—0.460) 
A 1.5 0.176 0.284 

B 2.0 0.301 0.159 

8.0 
Avg. 0.460 0.295 


Antilog (0.460) = 2.90, the geometric mean 
Antilog (0.460 — 0.295) = 1.46, lower limit of 
average range 
Antilog (0.460 + 0.295) 
of average range 
Avg. range is 1.46: 2.90:5.70, or, ex- 
pressed as percentage of geometric mean, 
50 : 100 : 197 


= 5.70, upper limit 


If, however, the deviations had been 
arithmetically, using the 


ample the methods show approximately 
the same mean deviation, only the loga- 
rithmic calculation indicates the proper 
distribution of the average range about 
the central value. A further advantage 
of the logarithmic calculation is that it 
supplies the geometric mean. This 
value provides the best estimate of the 
true mean T.O. Often it differs sub- 
stantially from the arithmetic mean, 
which is unduly influenced by extreme 
values. 

It is of course unnecessary to use a 
logarithmic table (or pO values) 
calculation of average range about the 
geometric mean. A _ simple n-scale, 
such as shown in Table 2, may be used 
in place of logarithms. As a matter of 
fact, n values are logarithms of the D 
values (to the base 1 ---(1—s)). In 
this way all calculations are very sim- 
ple, and the results may be expressed in 
the usual way by transferring from the 
n-scale to the D scale by ordinary meth- 
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ods of interpolation. A large average 
range indicates a wide dispersion of 
individual test results and implies a low 
degree of precision of measurement. 

Precision attained depends upon: 
(1) experimental technique; (2) dilu- 
tion interval; (3) characteristics of ob- 
servers; (4) type of odor; (5) period 
over which tests extend. In order to 
investigate any one of these, the others 
must be held constant. This is experi- 
mentally possible using natural raw and 
treated waters, except in tests designed 
to determine variability over extended 
periods of time, in which case changes 
in the sample vitiate the results. In 
these tests, chemical substances were 
used to provide dilutions of constant 
odor intensity. 


1. Technique: The experimental 
technique employed was _ essentially 
that recommended by Spaulding (5). 
Some results, however, were obtained 
using the “one-man” test to be de- 
scribed. Both techniques gave practi- 
cally equivalent results. 


2. Dilution Interval: It is reasonable 
to suppose that an optimum dilution in- 
terval exists for a given observer and 
type of odor. Precision depends pri- 
marily upon the number of independent 
measurements; the mean of several 
measurements is more precise than the 
individual measurement itself. Conse- 
quently, in tests with low dilution inter- 
vals, having many tests in the vicinity 
of the threshold, the T.O. is more pre- 
cisely established. In odor work, how- 
ever, due to fatigue and sensitivity vari- 
ations, there is a lower limit to the dilu- 
tion interval. Moreover, quite aside 


from questions of precision, a practical 
restriction exists upon the number of 
dilutions tested, due to the limited time 
available in routine testing. 

In order to find the optimum interval 
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ters the following laboratory procedure 
was employed: (a) An observer tested 
a sample in dilution tables of 15, 25 
and 35 per cent (some testing also be- 
ing done with 5, 10 and 44 per cent). 
With each dilution table he made two 
T.O. evaluations simultaneously on un- 
diluted portions of a sample (often a 
third test on another sample was made, 
but these results are not pertinent). 
The two T.O. values obtained supplied 
an average range which was expressed 
as a percentage average range by multi- 
plying the T.O. values by a factor such 
as to raise the geometric mean to 100. 
(b) The two parallel determinations 
were repeated by the observer with 
other dilution tables using the same 
sample. (c) The average ranges ob- 
tained thus by a single observer for 
each dilution table were combined loga- 
rithmically with similar values with the 
sample by other observers. (d) Fi- 
nally, the average ranges for different 
samples were combined. The final 
ranges, one for each dilution interval, 
are presented in Table 3. 

Influence of Dilution Interval 


Diluti Average Range 
eater No. of | No. of 
* |\Observers} Samples 


rr Lower | Mean | Upper 
15 5 25 89 100 | 112 
25 6 24 82 100 | 122 
35 6 22 77 100 | 130 


It is evident from the data that the 
precision is increased considerably with 
the use of low dilution intervals. A 
few tests were conducted with a dilu- 
tion interval of 5 per cent. These ex- 
hibited still higher precision, but not 
as much as was expected, indicating the 
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terval is generally in the vicinity of 
10-15 per cent, although samples from 
some sources gave satisfactory preci- 
sion with an interval of 25 per cent. 

3. Characteristics of Observer: In 
comparing the sensitivity levels of dif- 
ferent observers, the following proce- 
dure was employed: (a) All observers 
available tested a given sample using 
independently prepared dilution tables 
with an interval of 15 per cent. The 
average range of T.O. values about the 
geometric mean was computed and, for 
purposes of comparison, was multiplied 
by an appropriate factor so that the ge- 
ometric mean became 100. (b) The 
average range thus obtained was com- 
bined logarithmically with results from 
other samples. The overall average 
range for all the samples, properly 
weighted for number of observers, was 
69: 100: 145. This reflects a consider- 
able variation between observers and 
is in accord with previous data on the 
subject. No especially significant dif- 
ference between the deviations obtained 
with raw and treated waters was found. 

As was noted by Spaulding, the 
broad range obtained could be nar- 
rowed considerably by omitting the re- 
sults of certain observers whose sensi- 
tivity varied widely and in an erratic 
manner. Consistent observers, work- 
ing with samples of one type of odor 
(say, water from one source), appear 
to have a mutual variation measured 
by an average range of 77: 100: 130, 
about the same order as obtained by a 
single observer in random determina- 
tions on a given sample. 


4. Type of Odor: Although this 
phase of the program has not been com- 
pleted, present indications are that pre- 
cision attainable with different types of 
odor are very marked. Samples from 

source tested gave an average range 
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for all observers of 93: 100: 108, 
whereas from another source an equal 
number of samples gave an average 
range of 68: 100: 147. Other samples 
were measured with precision between 
these extremes. Such wide variation 
is in line with classical work on odor 
characteristics of pure chemicals. More 
recently, Helbig (10) reported large 
differences in precision with which the 
gravimetric concentration of different 
chemicals at the threshold could be de- 
termined. Undoubtedly the precision 
attainable depends to a great extent 
upon characteristics of the odor itself. 


5. Period Over Which Tests Ex- 
tend: In order to determine quantita- 
tively the effect of variability in sensi- 
tivity upon the precision, the follow- 
ing procedure was carried out in the 
laboratory: (a) An observer made a 
pair of odor determinations in parallel 
upon a sample. (b) This procedure 
was repeated at random times during 
the day, giving, in some cases, as many 
as six sets of pairs. (c) In order to 
extend the period of testing beyond a 
day, standard dilutions of odorous 
chemicals were used in place of natural 
waters and the tests repeated over a 
period of several days. Phenol and tri- 
cresol solutions were employed. The 
dilutions were renewed periodically to 
maintain constant odor intensity. 

The computation may be illustrated 
by consideration of results for Observer 
II, by whom four pairs of T.O. evalua- 
tions were made on tap water on Au- 
gust 24, 1942, each pair being deter- 
mined simultaneously. The computa- 
tion is made in two parts as shown in 
Table 4. 

Typical results are shown in Table 5 
which contains the record of three ob- 
servers who have the longest consecu- 
tive records from samples from a given 


source. 
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Calculation of Variation in Sensitivity With Time 


Part 1. Precision in Parallel Testing 


Average Range* 
Test | T.O.a | T.O.» | log T.O.a | log T.O.v ; (log T.O.. +log T.O.») 
Lower | Mean | Upper 
1 | 1.63 | 1.38 | 0.212 | 0.140 0.176 1.50} 92 | 100 | 109 
2 | 2.65 | 3.67 | 0.423 | 0.565 0.494  |3.12| 85 | 100] 118 
3 4.32 | 3.12 | 0.636 0.494 0.565 . 3.68 85 | 100 | 117 
4 1.92 | 1.92 0.283 0.283 0.283 1.92 | 100 | 100 | 100 
Part 2. Precision in Random Testing Over Period of a Dayt 
Test | log T.O.a log T.O., —0.389 
1 0.212 0.177 Antilog 0.389 = 2.45 geom. mean T.O., 
2 0.423 0.034 Antilog (0.389 — 0.141) = 1.77 lower limit pte cal 
3 | 0.636 0.247 Antilog (0.389 +. 0.141) = 3.39 upper limit wartag, 
4 0.283 0.106 Avg. range = 1.77 :2.45:3.39 
Avg. | 0.389 0.141 On basis of 100 = 72 : 100: 139 be Bt ae 


* Mean average range = 90: 100: 111; computed as follows: 

t A eins computation f for T.O., yields an average range of 69 : 100 : : 144. The combined 

average range = V (69)(72) : 100: Vv GAMES) = 70.5 : 100 : 141. 


Variation in Sensitivity With Time 


Average Range of Average Range in 
No. of of parallel tests random tests 
ype of Sample rver Samples > 
Lower | Mean | Upper Lower | Mean | Upper 
Treated I 16 16 86 100 | 116 75 100 | 133 
Bg * Il 16 16 89 100 112 78 100 128 
5 " Vv 12 12 79 100 127 63 
Raw 6 | 6 89 | 100 | 112 | 58 
[ ; II 7 7 91 100 | 110 77 
“ he eee” 82 | 100 | 122 | 74 
Phenol V —* 8 90 100 | 111 79 
43 I —* 16 88 100 | 114 71 
Tricresol V ee 6 85 100 | 118 | 69 


* On the average 3 parallel tests (6 T.O. determinations) were made per day. 
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ioe Judging from the data in Table 5 


there would not appear to be any very 
significant differences in precision with 
different observers or samples. A very 
striking and significant difference, how- 
ever, is noted between random and 
parallel testing. The increase in preci- 
sion that comes with parallel testing is 
two- to three-fold. Variations over a 
period of a day do not seem to be 
greatly less than those experienced over 
several days, although this point is ob- 
scured by the fact that the more ex- 
tended tests had to be conducted with 
odorous chemicals rather than natural 
waters. 

A study of the foregoing tests to- 
gether with that from other observers 
tested indicates that in routine testing 
the precision attainable with parallel 
tests amounts to about 10-15 per cent 
of the T.O. as measured by the average 
deviation. In random tests the average 
deviation was of the order of 25 to 40 
per cent of the T.O. This means that, 
although absolute odor evaluations are 
far from precise, samples may be com- 
pared on a relative basis with consider- 
able exactitude. 


Development of One-Man Test 


Although the blindfold technique has 
definitely improved the odor test, it has 
made the determination essentially a 
task for two (or more) persons. This 
may be a disadvantage in the small 
plant, particularly at the present time. 
It seemed desirable, therefore, to try 
to develop a technique requiring only 
one man, yet which would retain much 
of the precision of the two-man test. 

promising method has _ been 
evolved which is based upon the use 
of a revolving wheel (Fig. 1) to aid 
in the random selection of dilutions and 
blanks without the aid of a diluter. 
The analyst simply prepares the dilu- 
tions in accordance with any suitable 
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dilution table. The number of flasks 
required to span the twilight zone wil! 
be determined by experience. Placing 
the dilutions for the various samples at 
random on the wheel, the observer 
spins the latter and, after an indefinite 
number of turns, selects any bottle at 
random, with the eyes averted to avoid 
learning its identity. In this way all 
bottles are tested, each unknown dilu- 


tion being compared directly with a . 


blank and placed either in the positive 


indomizing 


Order of Dilutions Tested 


or negative group. After all responses 
have been made, the observer records 
the result. Dilutions of two or three 
samples may be placed on the wheel 
simultaneously and tested in parallel. 
An additional small wheel may be used 
to randomize the sample and the blank 
if desired. 

The precision attained with this tech- 
nique compares favorably with that of 
the usual blindfold test. In a few sam- 
ples there was evidence that the odor 
intensity changed shortly after dilution. 


f 
= 
| 

| 

- 

| 

1 

1 
‘ 
I 
t 
I 
1 
€ 
1 
; 


June 1943 ; 


With this type of sample it is to be ex- 
pected that the precision of the one- 
man test will be less. It would appear, 
however, that this does not often occur 
and does not constitute an appreciable 
source of error. The method does pos- 
sess one additional advantage : after the 
dilutions are once prepared the test 
may be repeated a few times before the 
sensitivity level changes. The addi- 
tional data thus obtained may consider- 
ably improve the precision of the aver- 
age T.O. values. 


Rating of Activated Carbons 


Having investigated the precision at- 
tainable in the individual odor test, the 
next problem to consider is that of com- 
paring the odor-removing efficiencies 
of competitive activated carbons. The 
most direct approach is to dose equal 
portions of a given raw water with 
equal weights of the two or three car- 
bons being tested. The dosage is such 
that one carbon (the standard) brings 
about the required odor reduction. Af- 
ter treatment odor intensities are meas- 
ured by one or more observers and the 
problem becomes essentially that of de- 
ciding, on the basis of the precision of 
the test, whether the measurements dif- 
fer significantly enough to warrant rat- 
ing of the carbons in order of efficiency. 
The precision will be determined pri- 
marily by the number of independent 
T.O. values obtained. These may be 
either from different observers or from 
replicate tests by one observer. It is a 
statistical truth that precision (but not 
necessarily accuracy) may be improved 
by increasing the number of determina- 
tions. Any degree of precision is theo- 
retically obtainable even in odor meas- 
urement. Practical restrictions, how- 


ever, limit the degree actually obtained. 
The number of observers cannot often 
be large; in many plants the issue may 
be decided by one person. The number 
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of replicate tests is fixed by considera- 
tions of fatigue and available time. 
Consequently, it will not always be pos- 
sible to decide between two carbons 
on the basis of a few T.O. determina- 
tions. The important consideration is 
to determine how far average T.O. val- 
ues must deviate before the difference 
may be deemed significant. 

In forming a judgment of the rela- 
tive value of two carbons there is a 
temptation to use formulas of the fol- 
lowing type: 


= AD/ (2) 

where : 


A.D.m, P.E.m = average deviation and prob- 
able error of the mean 

A.D., P.E. = average deviation and probable 
error of the individual test 

N = no. of independent tests 


The use of formulas such as these in 
measuring the reliability of averages 
has repeatedly been shown to be incor- 
rect when JN is a small number, as it 
almost invariably is in odor work. 
Equations 2 and 3 are derived on the 
basis of classical sampling theory which 
is applicable only when the numbers 
dealt with are large. They are ap- 
plicable, for example, in life insurance 
or agricultural experimentation, where 
the number of persons or plants is very 
large. This is not the case in carbon 
evaluation, hence Eqs. 2 and 3 cannot 
be used. 

A satisfactory statistical theory deal- 
ing with small numbers has been de- 
veloped. It is to a large extent the 
work of R. A. Fisher (13). On the 
basis of this theory the statistical sig- 
nificance of experimental results in ac- 
tivated carbon comparisons can _ be 
tested. 

In order to test properly the sig- 
nificance it is necessary to use a sen- 
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sation scale of odor intensity. Arith- 
metic methods applied to T.O. values 
are particularly unreliable. Despite 
“weighting” procedures, which can only 
partially correct for differences in sen- 
sitivity, serious errors in interpretation 
have been found to occur with incor- 
rect mathematical analysis. 

The principles involved may best be 
explained by means of an example, in 
which three carbons were compared by 
four observers in parallel tests on a 
sample of raw water. The T.O. values 
obtained are as follows: 


Carbon Sample 
x Y 
4.21 9.99 


It is apparent that Carbon Y is less 
effective than the others. Considerable 
doubt exists, however, as to whether 
or not the test has brought to light 
any significant difference between Car- 
bons H and X. Borderline cases such 
as this occur and may only be decided 
on the basis of a statistical computa- 
tion, which properly takes into account 
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d = mean difference in logs = 0.125 


where: 


> d* = sum of squares of deviations = 0.1166 
N = no. of observers (or replicate compari- 
sons) = 4 
Therefore: 
0.1166 


The question of significance may then 
be decided by reference to Table 6. 


TABLE 6 
Values of t for a 5-per cent Level a 
of Significance 
N ts N ts N ts 

12.71 7 2.45 12 | 2.20 
4.30 8 2.36 13 | 2.18 
3.18 9 2.31 14 | 2.16 
2.78 10 2.26 15 | 2.14 
2.57 11 2.23 16’ | 2.43 


If the ¢ obtained by calculation is 
smaller than the value of t; from Table 
6, the difference in the carbons may 
not be considered significant. This is 
the case in the example, since the value 
of t calculated (1.27) is less than that 
of t, in the table (3.18). If a greater 
value than that in the table is obtained, 


differences 1 in levels of sensitivity, as the difference eer be considered sig- 
Obs. Legis of T.O. Values Difference ( Deviation)? 
H S Col. (3)—Col. (2) Col. (4)— —0.125 Col. 5 squared 
I +0.185 0.0342 
II 0.811 +0.063 — 0.062 0.0038 
Il 0.248 0500 |§§ +0252 +0.127 0.0161 
.749 ( —0, - 0625 
I\ 0.74 0.125 0.250 0. 
Next, a value, ¢, is determined from The rationale of the test may be 


the formula: 


explained in the following manner. 
If the odor-removing efficiencies of the 
two carbons H and X were identical, 
it should not be expected to get iden- 


( 
| 
7 
t, 
b 
Pp 
it 
| ) 
é 
be 
if 
te 
fir 
te 
ni 
| sh 
to 
ge 
pe 
ob 
cis 
tio 
pe 
ma 
pai 
|N(N — 1) 


June 1943 CALCULATION OF THRESHOLD ODOR 


tical mean T.O. values (that is t==0), 
due to the imperfect precision of the 
odor test. Taking the imperfections 
into account, however, if the carbons 
are equally effective, only a 5-per cent 
chance exists that a comparative test 
would show a discrepancy as great as 
that measured by the value of ¢, in 
Table 6. Consequently, if the calcu- 
lated value of ¢ from the test exceeded 
t,, there would be reason to suspect 
that the carbons were not equally ef- 
fective. The 5-per cent level is ar- 
bitrary, but is commonly used in sam- 
pling problems of this type. 

The important point is that the lim- 
ited precision in ordinary carbon com- 
parison may preclude the establishment 
of a significant carbon rating. About 
25 per cent of comparisons made in 
the laboratory were indecisive when 


based upon four replicate comparisons. — 
Of course a rating can be established aie 


if a sufficient number of additional. 
tests are carried out. This, however, 
will not always be practicable. In the 
final analysis it will be necessary to 


test doubtful comparisons for sig- 


Conclusions 


From this study, then, it has been _ 


shown that: 

1. The odor test may be conducted 
to yield more reliable results than have 
generally been obtained. 

2. The improvement in precision 
pertains chiefly to comparative results 
obtained in parallel testing. 

3. The development of the full pre- 
cision of the test and the determina- 
tion of the significance of results de- 
pend upon the use of proper mathe- 
matical methods. 

4. Activated carbons may be com- 
pared by the threshold test, but occa- 
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may be necessary to establish a sig- 
nificant rating. 


The author gratefully acknowledges 
his indebtedness to Professor Gordon 
M. Fair; much that has been done is 
an extension of his ideas. Acknowl- 
edgment is also due to Norman S. 
Stearns for many helpful suggestions 
and for assistance in the laboratory. 
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Pioneering by the Paducah Water Works 


f tis E original water works plant at 
Paducah, Ky., was constructed in 
1885 at a time when Paducah was a 
city of less than 10,000 people. In the 
original installation, water was drawn 
through a 16-in. intake which then as 
now extended across the channel of the 
Tennessee River and took its supply 
from the Ohio River, the superior set- 
tling qualities of which were recog- 
nized at even that early date. 

Water was pumped from the Ohio 
by direct suction with “Holly” vertical 
pumps and discharged into the distri- 
bution system without treatment. 
There was no distribution storage other 
than that in a 22 X 175-ft. standpipe 
located on the pumping _ station 
grounds. Incidentally, this standpipe 
was constructed of wrought-iron plates 
and upon recent inspection, after 57 
yr. in service, showed very little evi- 
dence of corrosion of either plates or 
rivets. 

The original distribution system con- 
sisted of 13 mi. of pipe, all of cast iron, 
varying in size from 4 to 16 in. In 
the next 35 yr., the distribution system 
had been increased to 41 mi. and at the 
present time, 57 yr. after the initial 
construction, contains 83.3 mi. of pipe. 


A paper presented on October 20, 1942, at 
the Kentucky-Tennessee Section Meeting, 
Paducah, Ky., by Louis R. Howson, Alvord, 
Burdick & Howson, 


The original franchise had 40 yr. to 
run, expiring in 1924. Ownership of 
the water works changed three times 
in the first 3 yr. after building, but 
thereafter, until purchased by the city 
42 yr. later, was largely owned and 
directed by Muscoe Burnett, who, with 
his associates, contributed much to- 
ward the pioneering later described. 
In 1903, a rapid sand filter plant 
was constructed. For the first 9 yr. 
coagulation was effected in a steel 
tank. This tank is still used when the 
concrete coagulating basins are being 
cleaned. Necessarily, filtration re- 
quired the adoption of double pumping. 
Direct-acting low lift pumps were in- 
stalled and the original vertical “Holly” 
pumps were used for high service. 
The original 16-in. cast-iron intake 
was superseded in 1903 by a 31-in. 
steel intake pipe which was later paral- 
leled by a duplicate 36-in. cast-iron 
intake laid in 1926. The entire water 
supply for Paducah is now drawn 
through the cast-iron intake, the outlet 
end of which is supported upon a pile 
grillage some fifteen or more feet above 
the river bottom. A 6-in. high-pres- 
sure pipeline parallels the 36-in. line 
out to the intake structure, where it 
terminates in six brass nozzles so 
placed that their jets are directed to- 
ward the screen. If the screen clogs 
or a mud bar forms around the screen 
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this high-pressure line undermines and 
scours the deposit so that the river cur- 
rent will carry it away. There has 
never been a stoppage or serious ob- 
struction to this intake. 

Prior to the 1937 flood, in which 90 
per cent of the Paducah area was sub- 
merged, there had not been a single 
interruption to water service since op- 
erations started in 1885, a remarkable 
record considering the topography, 
Ohio River floods and the fact that 
there was substantially no high service 
storage until 1937. This plant was 
built immediately following the Ohio 
River flood of 1884 and passed through 
the 1913 flood without curtailment of 
service. The 1937 flood elevation was 
seven feet higher than any previously 
recorded at Paducah. Water service 
was maintained in 1937 until practi- 
cally the entire population was evacu- 
ated. It was resumed before the people 
returned to their homes. 

The water works was privately 
owned from its beginning in 1885 until 
1930 when it was acquired by the city 
under an arbitration proceeding. a 

Present Status of System 


At the present time there are over 
7700 active consumers, services are 100 
per cent metered and daily pumpage 
approximates 3 mgd. Until 1925, due 
to the original franchise provisions re- 
garding rates, only 3 per cent of the 
water services were metered. In the 
engineers report of 1925 the following 
statement was made: 

“At the present time, the Paducah 
Water Plant is pumping approximately 
6,750,000 gpd. This is an excessive 
amount. In extreme hot or cold 


weather this amount is increased to 
10,000,000 gpd. . . . After a careful 
study, it is the conclusion of the en- 
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gineers that the present average pump- 
age of approximately 6,750,000 gpd. 
might be reduced by meters to slightly 
less than 3,000,000 gpd.” 

The 1941 average pumpage was 
2,965,000 gpd. 

There are now three turbo-centrifu- 
gal low lift pumping units with a total 
capacity of 18 mgd. There are nine 
rapid sand filter units with a rated 
capacity of 9 mgd., six installed in 
1903 and the other three equipped in 
1941. The high lift pumping equip- 
ment consists of two turbo-centrifugal 
units, each of 8 mgd. capacity, and one 
of 6 mgd. capacity. These discharge 
into the distribution system and a 5- 
mil.gal. reinforced concrete reservoir 
built in 1938 on the bluffs west of the 
city. The original standpipe is used 
for wash water storage. 


never been afraid to pioneer and in 
so doing has contributed much to the 
forward progress of water supply. A 
few of the milestones in which Paducah 
pioneered deserve mention. 

The filter plant has already been 
mentioned. It is well to point out, 
however, that the concrete filters at 
Paducah are one of the very earliest 
installations of that type in the country, 
following by only two years the initial 
Little Falls, N.J., installation. Nine 
filter boxes were built in the original 
construction, but only six were 
equipped with an underdrainage sys- 
tem. The laterals and strainers in the 
original filters were replaced by per- 
forated cast-iron laterals in 1930. The 
additional three filter boxes were 
equipped with modern high-rate water 
wash piping and equipment in 1941. 
The six original filters are still 


The Paducah Water Works has 
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equipped for air and water wash, 
method which has demonstrated its 
ability to keep the sand clean over a 
period of 38 yr. The new filters have 
more adequate wash trough capacity 
and are equipped with surface wash 
of the grid type. 


Treatment Plant 


So far as is known to the writer, 
Paducah had the first dry feed machine 
used in the feeding of chemicals for 
filtration of water. It was designed in 
1913 by John Holmes, then Chief En- 
gineer, and H. C. Mitchell, present 
Chief Engineer of the Paducah Water 
Works. The rate of feed was regu- 
lated by the velocity of flow in the 
channel carrying the discharge from 
the low lift pumps. The water turned 
a paddle wheel of the steamboat type 
connected through changeable gears to 
the orifices in the chemical hoppers 
which were located vertically above the 
raw water channel into which the 
chemicals dropped. It therefore oper- 
ated much as the modern proportional 
feeders with meter control. The 
changeable gears were found necessary 
to meet the fluctuating chemical de- 
mands of the variable turbidity in the 
Ohio River water. Their use resulted 
from observations of country sawmill 
operations by Mr. Mitchell. Ingenuity 
here as always resulted in progress. 

The reinforced concrete coagulating 
basin was built in 1912. It is unique 
in that its floor is a series of square 
hoppers, each provided with a quick- 
: opening hydraulically operated mud 
valve. These valves are operated with- 
the necessity of draining the co- 
-agulating basin. The 45-deg. slopes 
eye ae were sufficient for satisfactory opera- 
zt Flocculators were installed in 
ae the first pass of the multiple-pass basin 
in recent years. 
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Pumps 


Another notable pioneering adven- 
ture of the Paducah Water Works was 
the installation in 1908 of three turbine 
driven centrifugal pumps. These units, 
all of which are still in service, were 
among the earliest and, at that time, 
were the largest turbo-centrifugal units 
installed. The turbines operate at 12,- 
500 rpm. geared down to centrifugal 
pumps on a speed reduction ratio of 
approximately 10 to 1. In recent years 
all of the direct-acting pumping equip- 
ment has been removed. The plant 
now includes six turbo-driven centrifu- 
gal pumping units, the later installa- 
tions, of course, being of improved 
design and slower rotative speed. The 
fact that the original units have been 
in continuous service up to recent 
times and will remain as auxiliary units 
for years to come, however, is a tribute 
to the quality built in by the manufac- 
turer and the maintenance and care 
with which they were operated. 


Private Franchise 


The original 40-yr. franchise, which 
expired in 1924, contained provisions 
relative to rates which made it prac- 
tically impossible for the company to 
meter and survive. At the expiration 
of this franchise, the city and company 
each selected an engineer to co-operate 
in an appraisal of the property and ad- 
vise as to future policies, including 
rates. From this study there was de- 
veloped a pioneering type of franchise 
as applied to water works. It was 
what might be termed a “cost-plus- 
fair-return” franchise. In_ brief, it 
specified a rate base determined during 
the life of the franchise by adding net 
book additions to the value agreed 
upon as of January 1, 1925. The com- 
pany was entitled to earn a gross 
revenue sufficient to cover operating 
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expenses, depreciation in the amount 
f 1 per cent on the rate base and 74 
per cent on the rate base for fair re- 
rn. A rate schedule was developed 
produce this amount of revenue. 
ny surplus over the above require- 

ients was specified as going into a 
revolving fund designated as “the ad- 
justment reserve.” If at any time this 
reserve exceeded $25,000, the excess 
earnings thereafter would be paid to 
the city. If the earnings in any year 
failed to earn the amount specified, the 
deficiency could be withdrawn from 
the adjustment reserve. 

Among other provisions of this fran- 
chise was that specifying payment for 
fire protection service. This service 
was to be paid for on the basis of $10 
per year for each fire hydrant plus 

}¢ per linear foot of pipe per inch 
diameter. The low hydrant charge of 
$10 per year encouraged the city to 
authorize hydrants liberally and the 
compensation for larger size pipe re- 
moves the incentive for a company to 
lay small mains. Experience has 
shown that the application of this 
method has resulted in securing un- 
usually good fire protection for the 
city. At Paducah fire hydrants are 
used for fires only. There are 66 
sprinkler plugs from which the city 
may take up to 20 mil.gal. per year for 
street and sewer flushing. All are 
metered. The city used about half of 
this amount. The ratio of metered 
water to pumpage varies between 85 
and 90 per cent, a reflection of good 
meter maintenance; a tight pipe sys- 
tem and a dense clay soil which forces 
even a small leak to the surface. 

Largely as a result of this type of 
franchise, and particularly that part 
relating to fire protection cost, the 
Paducah distribution system was in- 


creased nearly od — cent in — 
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within the next ten years. As of the 
present time, it consists of 2.38 mi. of 
cast-iron pipe per thousand population, 
a figure nearly 20 per cent above the 
general nation-wide average. The 
average size of pipe is also liberal, 
being approximately 300 tons per 
thousand population, a figure about 10 
per cent above the national average. 
There are now 977 fire hydrants in 
this city of 35,000 people. So efficient 
is the water works in its fire protection 
service that in the last report of the 
National Board of Fire Underwriters 
there was not a single recommendation 
marked with a star with respect to the 
water supply. If the proof of the 
pudding is in the eating, truly the 
Paducah pioneering “cost-plus-fair-re- 
turn” franchise was successful. 


Municipal Management 


In 1930 the city purchased the water 
works system through an issue of 
water revenue bonds. The property 
was purchased at approximately $2,- 
000,000, an appraisal fixed by an ar- 
bitration board of engineers. The city 
immediately set up a board of water 
commissioners. Here again the Pa- 
ducah situation is somewhat unique in 
that each of the three board members 
is appointed for life and is free from 
any political influence. Thus  safe- 
guarded, the water board has attracted 
to its membership outstanding public- 
spirited civic leaders. This board 
wisely continued to operate the prop- 
erty as though it were privately owned. 
The city is charged and pays for fire 
protection service under the same 
schedule of rates as was set up in the 
cost-plus-fair-return ordinance. Rates 
for service, both domestic and indus- 
trial, are the same as therein provided. 
Most of the old operating personnel is 
still on the job. 
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Another unique and not the least 
successful pioneering adventure of the 
Paducah Water Works was the ap- 
pointment of a woman Secretary and 
Treasurer—Miss Lois Sutherland, who 
is one of the few feminine members of 
the American Water Works Associa- 
tion and one of the Association’s most 
conscientious convention attendants. 
The Paducah Water Board realizes 
_ that her attendance at conventions and 
section meetings is a good investment 
for the department. 


Financial Status 


It is not surprising that under this 
kind of municipal management the 
Paducah Water Works is successful 
_ financially. The 1941 revenue was 
“oe approximately the same as the present 
x > national average, viz. $6.50 per capita ; 
og 21 per cent was derived from fire pro- 
tection service. The operating and 
: maintenance expenses were only $65,- 
000 or 28 per cent of the revenue, 
being somewhat less than $2.00 per 
capita. 

Since the plant was acquired by the 
fs a city about eleven years ago, it has 
~ added $365,394 to capital account, has 
a cash depreciation reserve of $41,859, 
has retired $130,000 worth of bonded 
indebtedness and has purchased in the 
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open market, at a cost of $15,72. 
some of its own outstanding bond 
Approximately 25 per cent of its rev- 
enue has been expended for these 
items. Bond interest is currently 
earned approximately 14 times, after 
setting aside $16,816 for depreciation 
Where the entire investment is being 
amortized within the life of most of 
the property, the setting aside of de- 
preciation in addition to amortization 
is a stringent requirement. 


In summary, it can well be stated 
that there has been real pioneering 
work in every phase of the Paducah 
Water Works from its selection of the 
best raw water source through the 
construction of its long river intake, 
its early filtration plant, its early use 
of turbo-centrifugal pumping equip- 
ment, its pioneer application of dry- 
feeding equipment, the “cost-plus-fair- 
return” franchise provisions under pri- 
vate operation, the creation of the 
life-term water board under municipal 
ownership and the appointment of a 
woman executive. Paducah may well 
be proud of its contributions toward 
the advancement of water works prog- 
ress and its accomplishments in ad- 
ministering its most essential utility 
service. 
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Development of Tapping and Valve-Inserting Machines 


By J. Arthur Jensen 


A SURVEY of the appliances used 
in water works for pumping, trans- 
portation and delivery of water from 
the source to the consumer indicates 
that all such devices generally follow 
established patterns which the industry 
has been reluctant to modify or change 
except in the event of absolute neces- 
sity. 

The development of a product by 
progressive steps may be illustrated by 
beginning with the service pipe, follow- 
ing its logical development and ob- 
serving the improvements brought 
forth. Very little has been written on 
this subject so that certain speculation 
may be indulged in quite freely in 
discussing the development. 

Water works texts and old ordi- 
nances often refer to ferrules formerly 
placed in mains for attachment of serv- 
ice pipes. A tap was made by drilling 
a slightly tapered hole and then driving 
in a ferrule, sometimes tinned to insure 
a better attachment to the iron. This 
could be done with or without pressure 
in the main. The former would no 
doubt give the operator a brief shower 
bath during the manipulation. The 
large number of times that this opera- 
tion was used against pressure condi- 
tions and the frequent shower baths 


A contribution by J. Arthur Jensen, Engr. 
(recently retired) Water Works Dept., 
Minneapolis, Minn 


no doubt gave rise to the idea of a 
device which was gradually developed 
into that in use today. Thus we now 
have fine machines which drill and tap 
the main under pressure and insert the 
threaded cock ready for the service 
line without attending annoyances. 

It is reasonable to consider that this 
improvement suggested to some fertile 
mind that the idea be extended to 
larger sizes than those used for house 
services. The construction of a branch 
pipe with an ordinary tee and gate 
meant interruption to service, extra 
excavation and considerable cutting and 
fitting before pressure could be re- 
stored and the connection completed. 


Sleeve Tee and Valve 


Ingenuity came to the front to bring 
the so-called sleeve tee and valve into 
being. The tee casting is a split sec- 
tion designed to be fitted around the 
main. It is held by bolts or clamps. 
The joints, two on the main and one 
on the branch, are made up on the as 
yet uncut pipe. The gate is attached 
by a spigot with locking lugs and a 
leaded or bolted joint. The cutter 
housing is attached to the outside flange 
of the gate which is fully open. The 
shaft of the machine is pushed forward 
until the center drill is against the pipe. 
A set-collar is secured on the shaft and 
the drilling is done either by hand or 
power. The the cutting 
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shaft and the cutter follows through 
and, when the cut is made, the cutter 
is withdrawn, with the cut disk of pipe, 
through the gate, which can then be 
closed. The housing of the cutter at- 
tached to the gate during the operation 
prevents the loss of water except for 
that which is retained outside the closed 
gate and machine housing. When the 
cutter is unbolted the laying of the 
branch pipe proceeds without further 
delay. 

This device is extremely ingenious 
and has proved itself of great value to 
the water industry. It is now taken 
as a matter of course, but it is well to 
_ remember that no department of any 
size can get along well without it. 


Valve-Inserting Machine 


Following the same line of thought 
it might be assumed that the originator 
of the sleeve and valve tapping ma- 
chine had further visions. His line 
of reasoning might have been to con- 
sider that, if a side gate could be at- 
tached to a main under pressure and 
without interruption to flow, it should 
also be possible to cut in a gate in a 
pipeline without interruption to flow 
or pressure. As is well known such a 
device was contrived and has been 
— used in the industry for many years. 

The valve inserting machine is used 
for inserting gate valves, 4 in. to 20 
in. in diameter, in mains without shut- 
ting off the water. To do this it is 
obvious that a short section must be 
cut out of the pipe, the gate placed in 
the opening and the extra space made 
up by some form of external adjustable 
piece. To contend with the flowing 
_ water and pressure involved, opera- 
_ tions have been worked out by a me- 


chanical magician aided by the use of 
a portable chamber and certain aux- 
iliary devices. 


The chamber is the 
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“magician’s cabinet” 
ternal operations are performed 
unseen” within its recesses. 

A double-ended cutter, in two halves 
is placed on the main and the pipe is 
cut almost through in two places. An 
outside split sleeve is bolted and packed 
around the pipe close to one of the 
cuts. The housing is then placed and 
bolted around this sleeve and pipe, en- 
closing the cutting machine. The joints 
of the housing at the pipe are leaded 
and calked. This housing space is di- 
vided into two parts by a horizontal 
slide valve, the lower chamber enclos- 
ing the pipe and the upper section 
forming a dome directly above the po- 
sition for the setting of the gate. When 
the cut is finished, the cutter and pipe 
section are raised by the cutting shaft 
rod, the slide valve is closed and the top 
of the dome is removed to take out the 
cut section. The gate to be inserted is 
then suspended in the dome, cover at- 
tached, the slide valve reopened and 
the gate lowered into place between 
the newly cut ends of the pipe. One 
hub end of the gate is larger than the 
other to receive the spigot of the ex- 
ternal split sleeve. This is forced in 
by outside-operated jacks until the 
small hub is seated on the other end 
of the cut pipe, centered by guides and 
temporarily made watertight by rubber 
gaskets. The gate body has two arms 
and a pedestal to guide it to placement 
inside the housing. The top sections 
of the “magician’s cabinet” are then 
removed and the three new joints are 
leaded and calked. The lower housing 
is removed and the insertion is com- 
pleted and the gate ready for use. 

The sleeve and valve tapping ma- 
chine is the most used device and has 
proved itself of the highest importance 
to the industry. The insert gate is used 
where it is imperative that the water 
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should not be shut off during the 
lacement of the gate. This is par- 
icularily the situation on important 
upply lines or in congested, high value 
istricts in the larger cities, where 
water pressure must be maintained at 
all times. Such lines, however, are 
large in diameter, and the development 
f the insert gate had apparently 
reached the limit of its application at 
about 20 in. in diameter. But the ur- 
gency of the need stimulated further 
work and resulted in eventual solution 
of the problem. 


Application to Large Valves 


The “downtown” water system of 
Minneapolis was built in the late Sev- 
enties and early Eighties, taking its 
supply from the adjacent Mississippi 
River. The pressures were moderate. 
In 1897 the supply was taken from a 
new location above the city, an equaliz- 
ing reservoir was built and the pres- 
sures raised considerably. The con- 
gested, high value areas were supplied 
by a “loop” of 24-in. mains. The 
gates on these mains had been designed 
for the lighter pressures so that when 
they were operated under emergency 
conditions it was found the stems of 
the gates would invariably buckle when 
nearing the full closure position. To 
replace these gates by the ordinary 
process would have required numerous 
closures and interruptions of fire pro- 
tection and general service as well as 
increasing operating troubles with the 
old gates. 

In 1917, F. W. Cappelen, City Engi- 
neer, placed his problem before Denis 

O’Brien, President of the A. P. 
Smith Mfg. Co., with the proposal that 
a certain number of new 24-in. insert 
valves be supplied and installed at 
designated points in the downtown 


areas, Mr. aia agreed to take 
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this proposal under advisement. The 
writer attended the Annual Conven- 
tion of A.W.W.A. at St. Louis in 1918, 
with instructions to learn from Mr. 
O’Brien what progress had been made 
in providing these special gates. Mr. 
O’Brien explained that up to that time 
no insert larger than 20 in. had been 
made. He pointed out that a 24-in. 
insert gate could not be cut in by the 
same methods as the smaller gates, 
since the housing would be too large 
and cumbersome to withstand ordi- 
nary pressures and if attempted would 
require too much rigging. The weight 
of the gate would be such that it could 
not be controlled satisfactorily from 
the outside by the usual methods. By 
a departure from the “magician’s cabi- 
net,” however, an entirely different 
method and design was being devel- 
oped. 

Standing in the lobby of the Planters 
Hotel, Mr. O’Brien sketched his pro- 
posed design on the back of an en- 
velope. He explained that the body 
of the proposed gate would serve as 
its own housing for the installation and, 
when finished, would remain in place 
as part of the gate for regular use. 
The gate body was to be made in three 
parts. It was to be split to fit it around 
the pipe, but the bonnet was to be the 
usual type. To furnish space for in- 
terior operations a 24-in. gate would 
take on the external proportions of a 
30-in. gate body and would be equipped 
with the necessary mechanical features 
for the installation. 


Procedure of Insertion hex. 


The procedure was to be as follows: 
When the pipe was exposed and 
cleaned, a double-ended pipe cutter, in 
two halves, would be attached around 
the main. With the cutter adjusted, 


the cutting would begin and Continue af 
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showing slide valve dome 


Inch Gate Valve; 
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til nearly through the walls of the 
pipe. At this point the lower part of 
the gate would be fitted on, enclosing 
the cutter, and joined by heavy bolts 
along the axis of the pipe and leaded 
bell ends. This partial housing was 

be designed in such a way that 
movable seat rings would be provided 
for later adjustment. A temporary or 
construction bonnet would then be at- 


Double-Ended Pipe Cutter 


? 


Fic. 


3. First 24-Inch 


showing slide valve dome 


tached to the body equipped with stuff- 
ing box openings, one for a shaft con- 
trolling the cutter and pipe section and 
another for the shaft operating the 
cutter. On the top of the middle body 
piece a long bronze dome would be 
attached containing a slide valve op- 
erated by an external stem. This slide 
valve would serve to divide the gate 
body into two compartments separat- 
ing the main from the bonnet section. 


Then the cutting of would 


Set-up for Installation of First 24- 
Valve: 


Inch Gate 
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Gate Valve Installed, Minneapolis, 1920 
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continue. The cutter rings would be 
equipped with star wheels, which in the 
course of each revolution would strike 
a fixed cam and thereby set up the 
feed of the cutters. When the cut was 
completed, water would fill the lower 
and temporary gate body, and the cut- 
ter and section of pipe would be free 
and capable of being moved into the 
bonnet on guides. The slide valve 


drained and removed. 
gate bonnet would be brought forward, _ 
containing the stem, disks and gearing | 
complete and be attached to the gate — 
body. 

During the cutting operation 
cutters require a certain small clear-— 
ance. This means that the newly cut 
ends of the pipe would protrude be-— 
yond the position desired for the seat 
rings of the gate. The bronze seat 
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rings would therefore be made in angle 
form, the horizontal leg having a faced 
end surface and the outside circular 
surface threaded. The vertical leg 
would have gear teeth around the com- 
plete circle. Each ring would be 
mounted on an inward projecting rib 
of the gate body on circumferential 
threads and at this stage would be run 
back to clear the cutters. In adjusting 
these rings they would be screwed out 
toward the disks by means of wide- 
geared pinions engaging the ring teeth, 
the stems extending through a stuffing 
box to the exterior of the gate. By 
operating these seat rings they would 
finally extend inside the plane of the 
cut ends of pipe and the vertical angle 
leg would set up against the machined 
rib in the gate body, thus enabling the 
disk rings to seat against the finished 
bronze body rings. The slide gate 
dome would be attached to the body 
of the gate where a temporary flap 
valve covering the slot would be 
mounted. By release screws this flap 
would close the slot with the pressure 
when a vent cock at the top was 
opened. The dome could then be re- 
moved and the slot adequately closed 
with a permanent plate. The gate at 
this stage would thus be completed 


and ready for service. 5 


Minneapolis Installation 


In 1920 Mr. O’Brien announced that 
_ most of the order for eighteen of these 
gates had been fabricated, but that he 
was reluctant to send them out until 
the operation of insertion could be ac- 
- complished without any difficulty or 
_ mechanical interruptions. The writer 
was directed to go to the factory to 
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obtain a report on progress in the 
fabrication and to view the set-up . 

a trial insertion. One length of a 24-in. 
pipe, closed at both ends, had been 
buried in a trench and placed under 
pressure. The insertion had _ been 
made near the center of this pipe 
Due to the newly made fill and th 
shortness of the pipe which did not 
afford sufficient rigidity and alignment 
the first effort was not successful. A 
slight settlement occurred and the in 
sertion was interrupted. 

Of the eighteen gates shipped to 
Minneapolis, the first was installed at 
Harrison St. and Third Ave. S.E. in 
1920. Charles Astley from the factory 
was in charge of the crew. This was 
the first gate of this type ever inserted 
in a regular water main. 

Later, the city purchased nine moré 
of these valves and completed the 
scheduled installations. 

Each insertion was consummated 
without turning off a single section of 
main. There was some trouble with 
one insertion when some of the cutting 
chips washed into the groove of the 
slide valve causing some leakage into 
the excavation. By the use of lead 
wool, however, this was reduced so 
that the operation was completed in the 
regular way. 

Much credit is due to the perfection 
of this novel and heretofore untried 
machine for its successful installation 
without mishap in its first group of 
trials. 

Although the field for this appliance 
is somewhat limited, this carefully de- 
signed device must be considered as 
one of the most ingenious mechanical 
appurtenances contrived for use in 
specialized water works practice. 
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EGINNING in 1932, a study of 

methods for overcoming tubercu- 
lation in water mains was undertaken 
at New Albany, Ind. This survey 
was conducted independently of water 
purification control methods, being con- 
sidered as a distribution problem only. 
Although investigation had indicated 
that chemical control did at times par- 
tially control tuberculation, so many 
factors are involved in the quality of 
Ohio River water that production of a 
constantly stabilized water 1s an unat- 
tainable goal. Thus, in spite of all 
control efforts, tuberculation progressed 
with the aging of the pipe. 

Flow tests over a period of years 
indicated that a gradual decrease in 
flow capacity was being experienced, 
so, to maintain flow in proper quantity, 
recourse to cleaning and lining of 
mains was deemed necessary. These 
efforts at mechanical control had pre- 
viously been devoted exclusively to 
main cleaning, which, although an ef- 
fective temporary expedient, proved to 
be anything but a permanent solution. 
It was found that each subsequent 
cleaning accelerated tuberculation until 
it returned so rapidly that in two years 


A paper presented on April 30, 1943, at 
the Indiana Section Meeting, Indianapolis, 
by F. A. Schaefer, Supt., Public Service Co. 
of Indiana, Ind. 
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flows would have been decreased to 
pre-cleaning low capacities. 

With the failure of this method of 
control, consideration was given to de- 
veloping methods for the application of 
tar or asphalt preparations, and when 
no practicable methods of doing this 
suggested themselves, the use of cement 
linings was investigated. It was in 
these latter studies, particularly in the 
reports of success with the Tate proc- 
ess in England and Australia, that a 
permanent cure for tuberculation was 
seen. Pending the development of the 
Tate process in this country, the de- 
partment adopted cement-lined pipe as 
a standard for new installations and, 
since the beginning of the war, has 
modified its standard to permit the 
use of asbestos-cement pipe. 

In realization of the expense in- 
volved in lining all old mains, the de- 
partment has extended its studies to 
include consideration of methods of 
treatment to control tuberculation. At 
present, experiments are being made 
with sodium hexametaphosphate, but 
no comments on results are justified at 
this writing. In preparing for obser- 
vation of the results of this chemical 
control method, sixteen stations have 
been established for observation of 
tubercle growth. 

In every instance where cement lin- 
eal have been observed or where flow 
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tests have been made, no tuberculation 
has been apparent. With this experi- 
ence as a guide, it was decided, in the 
spring of 1942, to contract for the first 
in-place cement lining job. 
Planning and Preparation 

The mechanics of operation of the 
Tate process are comparatively simple, 
yet depend on thorough planning, 
skilled labor, special equipment and 
good engineering. It is most con- 
venient and economical to locate all 
main specials, valves and service taps 
prior to proceeding with the work. 
Unknown or forgotten specials and 
taps will be located during the process- 
ing, but may result in plugged laterals, 
damaged tools and will definitely slow 
up the work. An extra 25-per cent per 
unit charge is added for such missed 
items and very justly so. The value 
of maps and records is obvious under 
such conditions. This was especially 
important in the job contracted as the 
main was in the hard surface of a state 
highway and paving charges were ex- 
tremely high, making every unneces- 
sary or enlarged opening expensive. 

In this connection, it should be 
pointed out that the contractor’s engi- 
neers should give careful study to open- 
ing sizes, since the fact that the open- 
ings in the New Albany project were 
too large was largely responsible for 
increasing the paving estimate from 
$600 to $1 500. 

Valves are important 
and, if fairly numerous and in good 
operating condition, will facilitate the 
work and reduce customer inconveni- 
ence to a minimum. Mechanical joint 
caps and plugs serve well where valv- 
ing is inadequate. Plans of New Al- 
bany contemplated making detailed rec- 
ords of everything uncovered and 
changing of bad main and_ service 


to the work 
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practices encountered. Defective valves 
were repaired, new valves installed 
and some present valves relocated as 
the work progressed. Since the de- 
partment was obligated to supply per- 
sonnel for notification, turn-ons and 
turn-offs, chlorination and miscellane- 
ous contacts with the customers, one 
department representative was present 
at all times. He was able to correct 
all drawings and to make most service 
rehabilitations. Good planning for a 
lining job includes, at the very least, 
the consideration of all the above items. 
Briefly, the preparations for clean- 
ing and lining consist of cutting out 
a main section, approximately 7 ft. 
long at each end of a stretch of main 
(usually one city block in length— 
maximum stretch about 700 ft.) after 
a 2-in. bypass line is run in the gutter 
and all services are disconnected from 
the main and connected to a bypass 
main with garden hose. Large serv- 
ices and dead-end mains are generally 
supplied through a 8-in. connection, 
either from the bypass main or from 
intersecting mains. Fire hydrants are 
cut from the system and left inactive. 
If abandoned taps are included on the 
maps and records, they are uncovered 
at time of preparation. After a cut is 
made, all corporation plugs and fittings 
protruding into the main are loosened 
and unscrewed so they will not inter- 
fere with cleaning and lining tools. 
All intersecting mains and large service 
lines are then capped or plugged and 
restored to service. Fire hydrant leads 
are left open at point of severance. 


Cleaning and Lining teins 


Three tools, in the order named, are | 
used in cleaning the main: (1) an all- 
metal cutting or tubercle loosening and 
crushing tool; (2) the same tool with 
wire brush inserts instead of knives; 
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and (3) a train of rubber discs. Spe- 
‘ial winches geared for several speeds 
ull the flexible wire cable with tools 
ittached. These winches are mounted 
n trucks and one truck is placed at 
each end of the section to be cleaned, 
cleaning being carried on alternately 
irom each end. The number of clean- 
ing operations with each tool varies 
with the condition of the main. When 
the rubber discs finally come through, 
bringing no sediment or water, the 
main is ready to be lined. The lining 
process then follows immediately. 

A cement and sand mixture is pre- 
pared according to Tate specifications 
and is placed in the main. About 20 per 
cent more lining material than needed 
is used. A self-centering lining tool is 
inserted and pulled very slowly through 
the main in one direction only. This 
tool is designed to place the same thick- 
ness of lining on the entire inside sur- 
face and, at the same time, to dehydrate 
the cement so it will remain in place 
without sagging. Back pressure on the 
tool is supplied by the cement it is push- 
ing ahead of it. As the quantity in 
front of the tool decreases toward the 
end of the operation, pressure is sup- 
plied by blocking the exit point suff- 
ciently to create the necessary back 
pressure. The time to line a section 
(up to 700 ft.) is approximately 20 
min. The finished lining is approxi- 
mately 3°; in. thick except in the bot- 
tom of the main where it is thicker and 
flat, due to the excess cement placed 
at this point through the colander-like 
holes in the lining tool that produce 
the desired dehydration. 

As noted above, the actual lining op- 
eration takes but little time; prepara- 
tion and re-establishing services are 
the elements requiring the time-con- 
suming operations. Re-establishment 


of the service begins immediately after 


a 


lining. Corporation cocks, etc., are re- 
moved, the cement cleaned from them 
and then replaced permanently in the 
main. The cut-out sections of mains 
and larger services are lined by hand 
and replaced. Chlorination follows 
and, after allowing a “setting” period 
of 24 hours, plus or minus, depending 
on outside temperature, etc., the serv- 
ices are removed from the bypass and 
restored to the main, following which 
operation moves on to the next section. 

All this requires skilled and careful 
labor. Observation of the contractor’s 
mechanics and laborers on the job in- 
dicated that they were trained almost 
to perfection. Cleanliness was em- 
phasized, even to the extent of spot- 
less cleaning of the men’s boots before 
they entered the concrete mixing box. 
Thoroughness in cleaning operations 
was particularly apparent in the fact 
that the last squeegee operation pro- 
duced no sediment or water. 

Special equipment originated and de- 
signed by the developers of the process 
was used in practically every process. 
The engineers accomplished the job 
with a minimum of suggestion from 
the local superintendent and a maxi- 
mum of favorable customer reaction as 
complaints were practically non-exist- 
ent. Full advantage was taken of the 
speed and economy of mechanical 

Table 1 attempts to show clearly the 
various factors involved in the process 
and their relationship to total cost. 
The cost of conventional main cleaning 
methods is about one-third the total 
given in the table, but cleaning costs 
are recurrent, whereas it is believed 
that the cement linings will perma- 
nently stabilize the capacity of the 
main. 
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‘This first project at New Albany Results Achieved 
was especially expensive at it was in 
a congested downtown area and _ all 
was done under concrete and 
asphalt, with concrete base paving. It PeTmanency of flow capacity after 
is estimated that a project of lining cleaning. According to tests made at 
- 632 ft. of 10-in. and 6938 ft. of 6-in, other locations, cement lining has re- 
pipe, proposed for 1943, will cost only sulted in definite improvement in fric- 
92.26 cents per foot. tion coefficients. No such tests were 


The principal purpose of the New 
Albany lining program is to insure 
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Ps Cost Analysis for Cleaning and Lining Contract on New Albany, Ind., Project a Sie 
ite @ 
Services Disconnected (Regular)—2-in. and over... . . 8 @ 4.00 32.00 
—Under 2-in......... 167 @ 3.00 501.00 
Services on Service Taps Disconnected (Found During 
Cleaning Process)—2-in. and over .............. 1 @ 5.00 5.00 
Bypass Line Installed—2-in.. . 4840 ft. @ 0.03 145.20 
Extra Trenching Charges—Cover Beyond 4} ft...... 360ft.@ 0.05 18.00 753.70 
Paving Costs—City Inspection. 54¢hr.@ 0.75 41.06 j 
—State Permit (152 2634.15 sq.ft. 1447.90 


Company Labor (Cost per foot $0.0208)............ 167hr.@ — 118.04 1607.00 
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nade for this project. The flow test 
lata in Table 2 are based on the stand- 
ird flow tests of the Indiana Inspection 
sureau and the National Board of Fire 
‘nderwriters, which presuppose that 
ll mains have a coefficient of 90. 
Viewing the before and after results 
in this table, the tests made before 
cleaning should no doubt be figured on 


CEMENT LINING 


TABLE 2 
Flow Test Data Before and After Cleaning and Lining 


IN PLACE 


out that the New Albany Water De- 
partment considers its experience with 
this method of in-place cement lining 
of pipe entirely satisfactory, for several 
reasons : 

1. It is at present a most successful 
cure for tuberculation in old mains. 

2. It has the advantage of perma- 
nence. 


| Flow, in gpm.* 


Pressure, in psi. 


Location of 


Location | Static* Residual* Premute Station 
A B Cc D 
A | B | Cc | D/;A | B | eS | D 

13th & Market 750 | 850 | 930 1000 58 55 | 65 | 64 | 26 31 | 38 43 | 14th & Market 
13th & Main | 610 | 665/750} 770) 57 | 53 | 66 64) 35 | 35 | 47. 45 | 13th & Market 
i4th & Main | 520 | 640 | 690 | 750 58 | 54 | 67 | 65 37 | 35} 45 | 48 | 13th & Main 
15th & Main | 560/ 710/810} 790) 58 | 56 | 65 65 | 31 | 32 | 39 | 43 | 14th & Main 
15th & see | 490 665 | 700 ie 61 | 54 | 65 | 66 | 36 | 35 | 42 | 15th & Main 


* A: Test ati before cleaning; B: test made after cleaning (peak load): C: test made 
after cleaning (light load); D: test made after cleaning and lining. 


a lower coefficient and those made after 
cleaning and lining, on a higher coeffi- 
cient. In Table 2, it will be noted that 
“cleaning only” gave a great increase in 
flows, but it should also be noted that 
lining indicates an improved condition 
in spite of an internal diameter reduc- 
tion. 

In conclusion it should be pointed 


3. The costs, although high, are not 
recurring. 

4. The results in increased flow ca- 
pacities are greater than can be ob- 
tained by any other means, except the 
installation of larger mains. 

5. The mechanics of the operation 
are not a major inconvenience to the 


consumers. 
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[ron the correct installation of a 
water meter depends, to a large 
extent, the satisfaction and service it 
renders the utility and the favorable 
impression it makes on the customer. 
So it behooves every water works to 
follow the rules of good practice in 
_ putting in its meters. A water meter 
in a service line should be well pro- 
tected and as easily available for read- 
ing and changing as is economically 
practicable. A properly installed curb 
meter is at the logical point for meter- 
ing, i.e., at the beginning of customer’s 
service. Meter reading and changing 
are independent of the customer’s pres- 
ence or whims. Curb meters can, or- 
dinarily, be read much more quickly. 

In cold climates, where outside set- 
tings must be deep, large and conse- 
quently expensive, economy sometimes 
dictates basement settings. Heavy and 
enduring snows can make reading of 
outside meters slow and difficult, or 
piping and other conditions can favor 
inside settings. Location of water 
meters is a separate problem for each 
water utility, even for each service and, 
- therefore, merits careful consideration. 


A portion of the Indiana Section Technical 
Committee report for 1941-42 by John L. 
_ Ford, Chairman of the Subcommittee on 
- Meter Settings, Secy.-Treas., Ford Meter 
~ Box Co., Wabash, Ind. 


By John L. Ford Sh 
ress ee? 


Installation of Water Meters ie 


Basement Meter ‘Settings 


A basement meter setting is the link 
between two distribution systems—that 
of the water works and that of the cus- 
tomer. It is the point where the water 
works delivers and the customer takes 
over. As such it deserves special con- 
sideration in the maintenance of cus- 
tomer-utility relationship. In general, 
water meters in basements should be 
in as clean, protected and available a 
location as possible, safe from freezing 
and mechanical damage. They should 
be from one to three feet above the 
floor, set level, with the dial up. A 
good valve should be used at the meter 
inlet and an outlet valve is also valu- 
able to the utility and to the customer. 
If the basement is not frost-proof, the 
meter should be set outside, as the 
cost of repairing a badly frozen meter 
may be more than the cost of a safe 
meter box. 

The Fire Underwriters’ 1940 Na- 
tional Electrical Code * (Sec. 2612a) 
specifies that: “If the point of attach- 
ment [of electrical connections] is not 
on the street side of the water meter, 


* 1940 National Electrical Code. Standard 
of the National Board of Fire Underwriters 
for Electric Wiring and Apparatus as rec- 
ommended by the National Fire Protection 
Assn. Approved by Am. Standards Assn. 
NBFU —T No. 70 (November 1940). 
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the water piping system shall be made 
electrically continuous by bonding to- 
gether all parts between the attach- 
ment and the pipe entrance which are 
liable to become disconnected, as at 

” 
Pit Meter Settings ‘ 

1. A good meter setting is a safe 
setting, safe for the meter and safe for 
pedestrians. A meter box or cover 
which locks securely and which is de- 
signed to provide required frost pro- 
tection should be used. 

2. It should be remembered that 
freezing of meter settings results from 
one or more of the three following 
causes: too shallow a setting so that 
frost penetrates to the bottom; too 
small a setting so that there is not 
enough clearance between the walls of 
the box and the risers; and a design 
of the top of the setting which gives 
too much exposure or heat leakage. 

3. A meter vault must be deep 
enough to extend below the deepest 
frost line. It does not pay to be 
skimpy in depth of services or meter 
settings ; several inches of safety should 
be allowed beyond the deepest frost 
penetration. One or more courses of 
brick can be laid below the meter box 
barrel to provide greater depth as well 
as to give a foundation for the setting. 

4. Meter box tile or barrels large 
enough to provide sufficient clearance 
for the riser pipes should be used in 
those settings where the meter is 
brought up in the box. Vitrified clay 
provides the best insulation, concrete 
next and iron least. As a general 
rule it is well to use tile not less than 
18 in. in diameter for settings 36 in. 
or more deep and not less than 20 in. 
in diameter for settings 54 in. or more 
deep. For extremely cold climates 
larger tile may be necessary. 


meters. 


to have riser pipes centered in the tile 


5. Soil should be filled in firmly 
around the setting, tamping clear to 
the top. If available, this filling should — 
be clay or loam, as either is much | a 
better insulation than gravel, sand or _ 
cinders. With soil of poor insulating | 
qualities, greater care should be taken 


or larger meter box barrels should be 
used to provide greater clearances. 
No fill should be used inside the tile. 
Although not absolutely neces- 
sary, a well designed meter-holding 
device is a great advantage in a meter 
setting, in that it insures easier and 
trouble-free meter changes, holding in- 
let and outlet piping physically con- _ 
nected when the meter is removed. A © 
valve at the meter inlet, which can be | 
included in meter holding devices, is a 
great convenience as well as a saving 
over the ordinary valve and curb box. 
A test valve at the outlet may be in- os 
cluded. 


Freezing of Pit Meters 


Heat always moves from the point 
of higher temperature to the point of 
lower temperature. When a meter in 
a pit freezes it does so because the 
warmth inside the box is lost to the 
cold surroundings at the sides and top 
of the setting. Meters in pits freeze 
because cold enters the setting for one 
or more of the three following reasons: 

1. The setting is so shallow that 
the ground freezes clear down to the 
bottom, so that the floor of the pit can 
no longer radiate warmth up into the 
interior. 

Remedy: The meter setting should 
be deepened to well below the deepest 
frost line. 

2. The setting is so proportioned or 
installed that one or both of the riser 
pipes contact the wall of the box above 
the frost line or come so close to it 
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that frost bridges the gap, freezes the 
pipe and then the meter. 

Remedy: The risers should be cen- 
tered in the box or tile, being sure 
that there is clearance. When frost 
penetrates frequently to the level of 
the riser tops, a tile or box which will 
provide 2 in. or more clearance should 
be used. This would call for an 18-in. 
tile for a 2-in. meter. A meter pit 
over 4 ft. deep might well use 20-in. 
tile for 2-in. settings. A tapering tile 


is an advantage in that it provides a 
large floor area and a small exposure 
at the shad but it is more difficult to 
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3. The design of the cover or top 
of the setting is such that there is too 
great an exposure to the cold air, or 
there is a leakage of cold air into the 
box through the joint at the rim of 
the cover, through poorly fitting lid 
joints, through keyholes, etc. 

Remedy: For freezing climates, the 
hat-shaped cover is much better than 
the flat cover. The top lid should be 
no larger than necessary for meter 
reading and changing. Lids should fit 
as closely as practical. Where zero 
weather is at all common, the double- 
lid cover should be used to cut down 
= loss as much as possible. 
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Water Works Improvements at Auten, 
By Carl Duy 


HE history of the Aurora, IIl., Wa- 

ter Works dates back to the early 
part of the year 1886, at which time the 
source of supply was the Fox River. 
The records show that water was ob- 
tained through an infiltration gallery 
constructed of stone and lumber on the 
island just west of the present Aurora 
\venue Pumping Station. 

Many private wells were in use 
throughout the community at the time 
of the installation of the municipal sup- 
ply system. Because of the use of 
unfiltered and untreated river water 
throughout the system, connections by 
domestic consumers were few and far 
between, but continued use of the pri- 
vate well supplies was in favor. The 
municipal system, however, provided 
the city with a much needed means of 
fire protection and an adequate indus- 
trial water supply. 

Because of the inadequate quantity 
of water for domestic use provided by 
the system, it was later decided to 
abandon the river supply in favor of 
deep artesian wells. Subsequently, in 
March 1891, the city drilled Well 
No. 1, which was completed at a 
depth of 1338 ft. Construction of Well 
No. 2 was completed in 1892 and of 
Well No. 3, in 1893, to depths of ap- 


A paper presented on April 8, 1943, at the 
Illinois Section Meeting, Springfield, Ill., by 
Carl Duy, Engr. of Water Works, Aurora, 


proximately 2250 ft. Well No. 2 was Sa 
later drilled to a depth of 2700 ft., the 
first well of this depth to be drilled in 
this part of the country. At this depth, 
however, excessive amounts of salt wa- 
ter were encountered, so the lower 450 ie 
ft. of the well were plugged to shut off a 
the flow of water containing objection- 
able salts. Thereafter, Well No. 1 was 
also drilled to a depth of 2250 ft., 
which has been the standard depth of 
all wells that are in operation at the 
present time. These first three wells 
were abandoned several years = 


Present Status of System 


The water supply at the present time ae 
is derived from ten deep wells, nine of y 
which receive the majority of their wa- 
ter from the Mt. Simon sandstone. 
Total production is approximately 11 
mgd. Six of these wells are located at 
various points throughout the system 
and pump and deliver directly into the 
distribution system. The remaining a 
four wells, located at the main pumping ‘i 
station on Aurora Avenue, about two 
miles north of town, deliver their wa- 
ter into two surface reservoirs, one 
having a capacity of 14 mil.gal. and the E 
other of 4 mil.gal. — 

In 1936, a new electric booster sta- a 
tion was constructed at the Aurora | 
Avenue Pumping Station. The maxi- 
mum capacity from this main station 
to the distribution system is ” —_ 
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The unit consists of three electric- 
motor-driven and gas-engine- 
_ driven booster pumps, the gas engine 

operating on natural gas supplied by 
the local gas utility company. The 
four deep wells at the main station 
have a production capacity of 7 mgd. 

The municipal distribution system 
contains approximately 150 miles of 
water mains, ranging in size from 4 to 
16 in. in diameter. At the time the 
new booster station was built, addi- 
tional mains were installed from the 
main central plant around the outside 
of the populated area that feeds to the 
gridiron system and to a new 14- 
mil.gal. elevated storage tank located 
in the southeast part of town, to give 
a more balanced operating condition. 

The system serves the city’s average 
population of 52,000, through approxi- 
mately 12,000 consumer connections 
with about 6 mgd. for normal consump- 
tion and 4 mgd. for minimum con- 
sumption. No records of peak load 
were available, but on the basis of 1941 
paren it was determined to be ap- 


ie In May 1941, the author was ap- 
"pointed to manage the system and has 
since been in charge. One of the first 
activities undertaken under his man- 
agement was a three-point program of 
investigation: (1) to determine the 
maximum capacity of the plant; (2) to 
determine the normal and maximum 
demand requirements of the consum- 
ers; and (3) to determine how much 
of the water pumped into the system 
was actually accounted for. 

According to the records, the amount 
of water unaccounted for reached the 
staggering figure of 48 per cent of to- 
tal pumpage, i.e., only 52 per cent of 

thes water pumped nag accounted for. 
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The entire system—domestic and i: 
dustrial—is metered, the only services 
not metered being those of the pump- 
ing stations, municipal buildings, play- 
grounds, city parks and the city golf 
course, together with those providing 
the water used for fire protection by 
the City Fire Department. 

One of the first steps taken to deter- 
mine whether the large ratio of unac- 
counted-for water was correct was to 
test each well for its capacity and draw- 
down, to arrive at the specific gallons 
per foot of drawdown in each well and 
to determine the power consumed. 
This investigation was made at the out- 
lying wells which pumped directly into 
the system. The results showed that 
the recorded kilowatt cost per million 
gallons on three of the weils was lower 
than the average wire-to-water effi- 
ciency that it was possible to obtain 
from modern deep well turbine pumps. 
Also, the recorded figure of specific 
gallons per foot of drawdown indicated 
that the well was in a better productive 
capacity than actually existed. There- 
fore, the master turbine type meters in 
each station were removed and sent to 
the respective manufacturers for over- 
hauling and repair. Upon their return 
for re-installation it was proved that 
they had averaged from 75 to 275 gpm. 
fast. Additional tests then made indi- 
cated that the meters had been restored 
to normal accuracy, at least tempo- 
rarily. 

A careful record system was then 
established to provide a monthly report 
to the main office of all water used for 
hydrant flushing and for fire fighting. 
Next, all hospitals and playgrounds re- 
ceiving free water were requested to 
remove all their inactive meters and 
deliver them to the meter shop for re- 
pair and re-installation for metering 


requit rements. 
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One of the largest consumers un- 
accounted for was the city park, which 
accommodates an 18-hole golf course, 
two large lagoons and a small swim- 
ming pool for children. All these serv- 
ices were provided with up-to-date me- 
ters, so that, at the present time, there 
is an accurate check on the amount of 
water required at each location. It is 
believed that this step has eliminated a 
great deal of water waste. These me- 
ters are read monthly (as against quar- 
terly readings of domestic meters) and 
accurate consumption records are kept. 

In 1942, a rather unusual situation 
was encountered in this phase of the 
work. Load requirements started to 
increase gradually at a season when 
the increase was not warranted. All 
efforts to determine the cause were of 
no avail. Finally, however, it was 
found that one of the 12-in. mains from 
the main plant had been leaking into a 
manhole for about 30 days, after which 
time it burst, blowing out a section of 
pipe about 6 ft. long. This main had 
had a storm sewer manhole built on 
top of it. When the repair was made, 
it was definitely ascertained that the 
manhole had no connection with the 
water main. 

Another step taken to determine 
whether the large ratio of unaccounted- 
for water was correct was an inventory 
of every meter on the system, to record 
size, make and serial number and to 
determine how many consumers, if 
any, were receiving water unmetered, 
with no record of account. It was sur- 
prising to find that a number of such 
unmetered services existed. Each me- 
ter reader was instructed to report 
every house number on his route at 
which no meter was read. The office 
then checked with the records to see if 
these houses were metered through the 
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arrangements were made for the in- 
stallation of a meter. 

Having taken this inventory of all 
meters and knowing their serial num- 
bers, the management obtained from 
the manufacturers a complete record of 
the ages of the meters, which revealed 
the necessity for retiring a number of 
them. 

In connection with this investigation, 
all industrial and mercantile buildings 
equipped with sprinkler systems were 
checked to determine the number of 
sprinkler heads in service. This sur- 
vey indicated that previous records had 
allowed a large percentage of these 
buildings to pay for a much lower ratio 
of heads than actually served. 

During the last year of operation a 
careful control was maintained to de- 
termine actual water loss. For the 
year, it is known that 40 per cent of 
pumpage is still unaccounted for. To 
bring this amount down to the proper 
percentage, an investigation is contem- 
plated this spring, to survey the entire 
gridiron system, as well as large con- 
sumer meters, to determine just where 
the losses exist. 


Investigation of Wells 


In the early part of 1941, the well 
investigation was continued, studies be- 
ing made of their construction and of 
maximum possible production. These 
tests indicated which wells needed most 
immediate attention. 

In the testing of Well No. 11, drilled 
in 1928 to a depth of 2250 ft. and hav- 
ing an 18-in. top and a 16-in. bottom, 
it was found that capacity had de- 
creased considerably. In 1928, the well 
was capable of producing 1200 gpm. at 
an operating level of about 345 ft., but, 
over the five-year period since then, it 
has been delivering only about 800 
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The recovery period of the well, 
after operating for a given time, was 
very long, indicating the presence of 
a bridge through an uncased portion 
of the well. Operating under these 
conditions, pumping cost was high, in- 
asmuch as the turbine pump had to 
be throttled to a capacity equal to the 
production capacity of the well. To 
correct this condition, the well was 
sounded, revealing the presence of sev- 
eral bridges that retarded the flow. 
After these bridges had been cleaned 
out, the well was shot with 250 quarts 
of nitroglycerin, each shot ranging from 
30 to 60 quarts and placed at intervals 
of 50 ft. in the Mt. Simon sandstone. 
Upon completion of the shooting, ap- 
proximately 75 cu.yd. of Mt. Simon 
sandstone was bailed out of the well. 
To eliminate further caving, a liner was 
installed from the 1300- to the 1700-ft. 
level, in the Eau Claire sandstone. 

The casing was slotted (about 75 
per cent of its linear length) so that 
the slotted opening was equal to ten 
times the area of the opening of the 
pipe. The casing was supported in 
the well, at the bottom of the 1700-ft. 
elevation, by means of a_hook-wall 
packer. Upon completion of the re- 
construction, a test was made over a 
continuous period of 65 hr. The tests 
run prior to the rehabilitation showed 
the well to be capable of delivering 4 
gal. of water per foot of drawdown, 
whereas, after completion of the re- 
construction, the well delivered 10} 
gal. per foot of drawdown. 

Three other wells in this locality, 
ranging from 1400 to 3000 ft. apart 
were also used in the testing program. 
First, Well No. 11 was run by itself, 
with these other wells shut down; then 
it was run with the other three wells 
operating in parallel; and finally, with 
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all wells operating at the same time. 
The tests showed that, with a pumping 
rate of 4500 gpm., a 17-ft. greater 
drawdown and a slight decrease in spe- 
cific capacity resulted. After the well 
was put into operation, in May 1942, 
and had been operating for 60 days, 
the production increased to a present 
yield of approximately 13 gal. per foot 
of drawdown. 

The cost of rehabilitating this well 
was approximately $7500, but in the 
first eight months of operation power 
savings amounted to approximately 
$2000. From the results of the tests, 
it is estimated that, in a twelve-month 
period, this well will show a minimum 
saving of $3000. 

Upon completion of the work on 
Well No. 11, provisions were made to 
in which ca- 
pacity had decreased from 1000 to 
about 650 gpm. On this rehabilitation 
project also, a cave-in in the Eau Claire 
sandstone was experienced. After 
cleaning, the well was shot with 250 
quarts of nitroglycerin and consider- 
able amounts of Mt. Simon sandstone 
were bailed out. At the time of writ- 
ing (April 1943) the size casing to be 
installed is being determined upon the 
basis of an electric logging of the well 
by the State Geological Survey. It is 
anticipated that returns similar to those 
of Well No. 11 will be obtained as a 


result of the reconstruction. 
Well Equipment Deterioration a 


In 1935, a new well, Well No. 12A, 
was drilled to the east of the main 
pumping plant. This well takes its wa- 
ter from the same sandstone as Wells 
No. 11 and No. 12. After the turbine 
pump in this well had been operated 
for a 24-month period, however, the 
drop pipe and other parts of the lower 
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section of the installation deteriorated. 
Each time it was removed from the 
well it was repaired and put back into 
operation. When the pump was re- 
moved from service in 1942, a careful 
inspection revealed that the metal 
showed signs of electrolysis. The pro- 
tecting pipe surrounding the shaft from 
a point 160 ft. below grade—static level 
—down to the top of the pump proper, 
at an elevation of 350 ft., was in bad 
shape and the entire line shafting 
looked just like a coarse file. 

It was thought that the Chicago, 
Aurora & Elgin Railway, which passes 
within about 1600 ft. of this plant, was 
probably causing strayed current losses 
in the metal equipment. To check the 
accuracy of this assumption arrange- 
ments were made to connect the third 
rail (power line) of the railway to 
the well casing and to install 24-hour 
recording charts on the hook-up. This 
survey, however, proved unfruitful of 
any solution of the problem. 

A further attempt to solve the prob- 
lem of this deterioration was made in 
the reinstallation of this pump by bond- 
ing the cast-iron pump bowls to the 
steel drop pipe with copper plating 
from the bottom of the installation. 
At the top, a bond was made between 
the steel drop pipe and the cast-iron 
discharge head, with proper arrange- 
ments for grounding. Just what results 
will be obtained from this experiment 
is not yet possible of determination. 
The method was applied after exten- 
sive consultation with engineers famil- 
iar with problems of this kind. The 
pressing need to correct this condition 
is indicated clearly by the fact that the 
cost of removing and repairing this 
pump (including labor and material) 
every two years amounts to between 
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Other Improvements 

At the present time the department 
is somewhat at a standstill in its pro- 
gram of revamping its wells because 
of the war-created scarcity of mate- 
rials. Many of the wells are greatly 
in need of rehabilitation and three of 
the turbine pumps now in operation 
were designed as long as 25 years ago. 
The installation of modern turbines, 
designed for the capacity of the well, 
would undoubtedly result in a consid- 
erable power saving. 

Such minor details, as redecorating 
all pumphouses and providing wells in 
the outlying residential districts with 
the proper galvanized fencing are 
taken care of in the normal course of 
operation. 

To provide a better control of the 
purchasing and stocking of equipment 
an inventory system was established 
for the entire system. This system 
has made it convenient to determine 
just what equipment is available for 
immediate use in the event of trouble 
and has made it possible to eliminate 
overstocking or understocking of var- 
ious materials and, thus, to maintain a 
balanced inventory. 

With the existing system of maps 
and drawings it was rather difficult to 
obtain immediate information on the 
gridiron system as a basis for making 
quick decisions in emergencies. There- 
fore, the city was divided into sections 
and a complete set of maps was made 
for each, showing the size of the main, 
the length in each block, the sizes and 
types of fittings and the sizes and 
types of hydrants. As a part of this 
project, a complete inventory of the 
number, makes and sizes of all hy- 
drants was made as a basis for further 
control of spare parts requirements. 
The records thus obtained made it pos- 
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sible to provide for any emergency 
~ demand on this equipment. 
Before any revamping or reconstruc- 
tion of the reservoirs, pumping’ sta- 
tions or pipelines was undertaken, the 
- State Department of Public Health 
was invited to inspect the entire plant 
and system. Upon receipt of its re- 
port, corrections were made in existing 
equipment and plans were made to 
= all recommendations in all 
future reconstruction and new con- 
struction. 

Engineers of the National Board of 
Fire Underwriters were also consulted 
for their viewpoint on projected re- 
construction or expansion. It was 
hoped in this way to eliminate any 


unnecessary items and to key recon- 
struction and expansion activities to the 
ie purpose of reducing insurance rates. 
= An investigation of the meter shop 


indicated that the records of costs and 
charges on new and repaired meters 
were rather limited and that testing 
methods were rather antiquated. 
_ Therefore, new calibrated testing tanks 
were installed, with the purpose of 
providing better control of repaired 
meters. Also, with the co-operation 
of the meter shop, a card system was 
installed in the office making a record 
of the date, nature and cost of repairs 
of each meter, so that if any com- 
plaint was received, it could definitely 
be determined whether the consumer 
was justified in his complaint and 
whether he had any adjustment due. 
It should be pointed out that the con- 
sumer purchases and owns the meters 
and pays for their repair and main- 
tenance. All repairs, however, are 
done in the department meter shop. 
To be able to serve the consumer 
better and more rapidly and to co- 
operate with him at times when he 
considers his bill too high, a portable 
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calibrated test tank was purchased for 
in-place checking of the accuracy of 
meters in consumers’ installations 
This system is now about to be put 
into operation. 

To improve the financial status of 
the department, an effort was made to 
reduce the accounts receivable by an 
aggressive follow-up of all delinquen- 
cies. This drive resulted in reducing 
the accounts receivable by 55 per cent. 


Operation Controls ned 


For further control of operations a 
definite policy of weekly well testing 
was established during the past year, 
whereby, on Monday and Tuesday of 
each week, each well is tested for 
power consumption, static water level 
and specific capacity. This operation 
will, no doubt, make possible mainte- 
nance economies as the tests indicate 
that some of the operating water levels 
are such that the pumps have no mar- 
gin of submergence. These conditions 
are being corrected at the present time. 

To give a more complete picture of 
well construction, a composite graph 
showing U.S.G.S. elevations, static 
levels, casing levels and Mt. Simon 
levels has just been completed. This 
graph makes available in one record 
complete information on ali © ells. 
Complete chemical analyses of the 
water from each well are also being 
made and compared with those of 
many years ago, but no discussion of 
these comparisons can be made as yet. 


The author wishes to acknowledge 
the assistance and co-operation of the 
Honorable A. J. Carter, Mayor of 
Aurora, of the Water and Light Com- 
mittee, the City Council and of mem- 
bers of the Water Department, in 
making the above-described 
plishments possible. 
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By E. V. Grimshaw and E. F. Twomey 


HE Woodlawn Water Company 

serves the major portion of the 
Sorough of Aliquippa, Pa., a munici- 
pality of approximately 30,000 popula- 
tion, located on the west bank of the 
Ohio River, approximately twenty 
miles downstream Pittsburgh. 


| The community is essentially indus- 


trial and is the home of the Jones and 
Laughlin Steel Corp., which is supplied 
with drinking water and a small por- 
tion of its process water. 


History of Water Company 


The Woodlawn Water Co. was char- 
tered 1907 and was at that time 
intended to serve the drinking water 
supply for the mills of the Jones and 
Laughlin Steel Corp. and a few ad- 
jacent company-owned houses. 
entire river front of the borough is 
occupied by corporation property. 

From 1907 to 1930, a small area on 
the river bank, approximately 1000 ft. 
long and 150 ft. wide, was utilized as 
a well field, five separate developments 
being constructed in this limited space. 
Over the 33-year period, 22 wells were 
constructed in this area and were con- 


A revision of a paper presented on Sep- 
tember 18, 1942, at the Western Pennsyl- 
vania Section Meeting, Pittsburgh, by E. V. 
Grimshaw, Asst. Supt., Woodlawn Water 
Co., Aliquippa, Pa., and E. F. Twomey, 
Cons. Engr., Morris Knowles, Inc., Engi- 
neers, Pittsburgh. 
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nected to a central pumphouse by 
means of five separate suction lines 
laid substantially at the level of the 
normal pool of the Ohio River. All 
of the wells were operated with a low 
drawdown limited by the vacuum lift 
of the centrifugal high-lift pumps 
which furnish water to the distribution — Say 
system. 

The original development constructed 
in 1907 consisted of three 6-in. wells _ 
with the lower 20 ft. of the casings 
slotted. The wells were spaced ap- 
proximately 100 ft. apart. ae 

The first addition to the well supply 
was made in 1909, comprising three 
6-in. units, spaced approximately 150 _ 
ft. apart. At this time, the population 
served was approximately 1400 iam 
in addition to the normal mill consump- 
tion. By 1916, there had been a sub- — 
stantial increase in industrial activity, es 
so that another group of three 6-in. 
wells was constructed within 500 ft. of 
the central pumping station. (aes 

In 1923, the capacities of the exist- a 
ing wells were again exceeded and 
there was indication of excessive iron Mat 
and manganese production from some ihe 
of the units as well as a decrease in the 
capacity of the group of wells. Atthis 
time the population served exceeded 
13,000 and the industrial use of = | 
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apart, were constructed immediately 
adjacent to the river bank and con- 
nected to the central pumping station 
by two 12-in. suction lines. These 
latter ten wells constituted the prin- 
cipal supply of the Woodlawn Water 
Co. from 1923 until 1939. 

In general, these wells showed indi- 
vidual test capacities of 250 gpm. each, 
with a drawdown of approximately 8 
ft. In the early years, the water had 
a hardness varying from 250 to 350 
ppm., with an annual average of 275 
ppm. At the time of construction, the 
water was relatively free from objec- 
tionable amounts of iron and mangan- 
ese. In normal operation, the capacity 
of the individual wells was limited by 
the vacuum on the high-lift centrifugal 
pumps and the yield from the individ- 
ual units varied with the distance from 
the main pumping unit. Investigation 
revealed that, as the wells increased 
with age, there was a moderate increase 
in iron and manganese content and a 
slight falling off in capacity, accom- 


oe panied by an increase in hardness, un- 
til at the end of 1937 the quality of 
Nari the water was considered somewhat 
substandard. The amount of iron gen- 


erally varied from 0.20 to 0.40 ppm., 
while the manganese varied from 0.20 
to 0.60 ppm. Practically all consumer 
complaints at this time were com- 
plaints of “red” or “black” water, 
little attention being paid to the hard- 
ness of the supply. 

In 1928, the demands of industry 
for clear cold water increased and led 
to the construction of a gravel-packed 
well outside of the well field above de- 
scribed. This unit was located approxi- 
mately 400 ft. from the river bank, 
penetrating 40 ft. of slag fill, approxi- 
mately 25 ft. of more or less imper- 
vious sand and clay formations and 25 
ft. of sand and gravel water-bearing 
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formation, similar to that encounter 
at the river bank. The well tested 

a rate of 900 gpm. Over a period . 
years the water at this location show: 
a hardness of 450-700 ppm. Becau 
of this high hardness, the well was 
used sparingly and only at times « 
peak demand, generally to supply i: 
dustrial consumption in the mill area 
in which it was located. 

From 1935 to 1938, the number of 
consumer complaints due to iron and 
manganese showed a substantial in- 
crease. The general average of th 
combined iron and manganese during 
this period was 0.60 to 0.70 ppm. Con- 
sideration was given to the develop- 
ment of an increased ground-water 
supply, based upon large-diameter 
wells, with the expectation that such 
wells would have a life of not less than 
fifteen years and that the water would 
be hard and would eventually require 
treatment for the removal of iron and 
manganese and possibly require soft- 
ening. 


Investigations for New Supply 


In the first stages of the investiga- 
tion for an increased supply, an at 


tempt was made to rejuvenate the ten 


10-in. wells drilled in 1923 by cleaning 
them with acid and air. With the avail- 
able pumping system, the capacity of 
these wells was increased from 100 to 
125 gpm. at the limited available draw- 
down. This increase, however, was 
insufficient to provide for future re- 
quirements. 

In the second stage of the investi- 
gation, test holes were drilled in the 
original well field to determine the 
economy of large-diameter wells. 
Holes drilled in the vicinity of the 
existing operating wells showed that 
some sand and gravel water-bearing 
formations were badly discolored with 
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iron and manganese, particularly in the 
circle of influence of each well, while 
the more remote areas were relatively 
clean. During the time that this in- 
vestigation was being made, the gravel- 
packed. well, which was the only avail- 
able standby for peak industrial con- 
sumption, started to produce water 
with an iron content of 16 ppm. In- 
vestigation revealed that seepage from 
the slag fill had eaten through the 
outer casing of the well and had per- 
mitted a direct pollution of the ground 
water at this point. The abandonment 
of this large-capacity unit made it nec- 
essary to discontinue further explora- 
tions in the old well field. 
Investigations were renewed at a 
site approximately half a mile down- 
stream in an area on the river bank 
overlaid by approximately 40 ft. of 
slag and miscellaneous fill. A series 
of test holes indicated that water of 
the desired quantity was available only 
within a narrow shelf adjacent to the 
river bank and that the quantity of 
water from a given well decreased rap- 
idly with the increase in distance from 
the river. Test holes further indi- 
cated that there was a substantial in- 
crease in iron and manganese as the 
distance from the river increased. Dry 
holes were encountered approximately 
500 ft. from the river and those which 
did produce water in satisfactory 
amounts showed a hardness varying 
from 500 to 700 ppm., iron in excess 
of 1 ppm. and manganese in excess of 
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Each well was equipped with a 16-in. | 
bronze screen and turbine type well Piil= 
pumping unit. Tests of the individual _ 
wells showed yields varying from 350 _ 
to 750 gpm. at a maximum drawdown 
of 17 ft., which level was sufficient to 
maintain 5 ft. of water above the top | 
of the water-bearing sand and gravel. 
In general, such coverage of the water-_ 
bearing strata is desirable to prevent 
the deposition of iron and manganese 
in the sand immediately adjacent to 
the wells. 

The major differences in quality of = 
water in the individual wells are worthy _ 
of comment. The first well in the | 
new well field showed a hardness of 
290 ppm. at the time of the initial test, 
immediately after drilling. After a 
few months of pumping to waste, the 
hardness increased to 340 ppm. and 
gradually assumed the anticipated an- 
nual cycle of hardness varying from 
240 to 300 ppm. During the following = 
three years, this well showed only | 
traces of iron and manganese. 

The second well in the new field, 
located 350 ft. from the first well, | 
showed an initial test hardness of 360 > 
ppm. After two months of pumping, 
the hardness increased to 564 ppm. and 
reduced gradually, over the succeeding 
four months, to 320 ppm. Thereafter, 
it followed the normal cycle of hard- | 
ness typical of the true ground-water 
supply of this area. This well too 
showed substantially no iron or man- 
ganese over a period of three years. 


2 ppm. The third unit showed an_ initial 


The wells finally constructed were 
16 in. in diameter with a 24-in. outer 
casing carried through the slag fill and 
sealed in clay. The annular space be- 
tween the 24-in. casing and the 16-in. 
casing was filled with cement grout. 


test hardness of 474 ppm. which it 
maintained for several months before 
dropping to 300 ppm. This well con- 
tained approximately 0.60 ppm. iron 
and 0.80 ppm. manganese and _ there- 
fore water from this well could not be 
delivered to consumers without treat- 
ment. 
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The fourth well showed a somewhat 
smaller production than the others and 
had considerable amounts of iron and 
manganese. 

The fifth well, located approximately 
400 ft. from the river bank, showed 
an initial test hardness of 550 ppm. 
and, over a period of several months, 
the hardness remained 570 ppm. This 
well also contained excessive amounts 
of iron and manganese. 

The sixth and seventh wells were 
drilled at the top of the river bank in 
the old well field. The production 
from these wells was normal, but the 
iron and manganese were slightly 
higher than would be acceptable for 
domestic service without treatment. 

The data regarding the initial qual- 
ity of the water from the various wells 
have been cited to show the substan- 
tial variations in hardness, iron and 
manganese content in relatively short 
distances along the river bank. Par- 
ticularly to be noted are the extreme 
variations in the quality of water ob- 
tained from the ground sources at 
small distances from the river, as well 
as the effect of the superimposed slag 
fill and the time necessary to clear the 
pollution accumulated in the more or 
less impervious sand and clay forma- 
tions located immediately above the 
water-bearing sand and gravel forma- 
tions. 

On July 25, 1939, the first two wells 
in the new well field were connected 
to the distribution system. From that 
time until March 17, 1942, these units, 
with a total capacity of 1050 gpm. sup- 
plied the community with water for 
domestic purposes. The water so sup- 
plied had an average hardness of 275 
ppm. with a combined iron and man- 
ganese content of less than 0.30 ppm. 
During this same period, the wells 
built in 1923 were continued in service 


to supply the industrial requirements 
of the steel mill. 

The total installed capacity of the 
new wells is 2900 gpm. In general, 
five units, having a combined capacity 
of 2175 gpm., are sufficient to supply 
the ordinary demands upon the system. 

Except for short periods, the hard- 
ness of the raw water has varied be- 
tween 250 and 400 ppm., while the 
iron and manganese content have var- 
ied seasonally from 0.10 to as much as 
1.0 ppm., depending upon the combina- 
tion of wells used. 

Samples of the raw water taken 
over a period of time have shown that 
the untreated water generally has com- 
plied with present-day bacteriological 
requirements for drinking water. 

In 1940, the increased demand for 
both domestic and industrial water 
made it necessary to consider the 
utilization of additional wells with 
higher hardness and _ objectionable 
amounts of iron and manganese. This, 
in turn, made necessary the treatment 
of the water for the removal of the 
objectionable constituents and even- 
tually the softening of the entire sup- 
ply. It should be pointed out that 
there was no apparent demand on the 
part of the consumers for softening, 
but a rather widespread dissatisfaction 
because of the objectionable amount of 
iron and manganese. A survey of the 
consumers indicated that they were 
willing to pay substantially higher rates 
for soft water. This led to the initia- 
tion of the zeolite softening project. 


Design of Softening Plant 


The softening plant has been de- 
signed to produce 2000 gpm. of fin- 
ished water having a hardness of 75 
ppm. when the hardness of the raw 
water is 412 ppm. It is expected that, 
for a few years, the average hardness 
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will be materially less than this figure 
and that the capacity of the plant under 
these conditions will be 2500 gpm. or 
3.6 mgd. 

The treatment plant is located out- 
side the industrial property, approxi- 
mately a mile from the well field. 
The starting and stopping of the indi- 
vidual wells is controlled by an auto- 
matic telephone circuit located at the 
treatment plant. The control equip- 
ment is arranged so that the operator 
may select the individual well which 
he wishes to put on the line, may listen 
to the motor on the well pump as it 
omes up to speed and may listen to 
the operation of the motors at any 
time during the operating period. This 
arrangement has eliminated the neces- 
sity for attendance at the well field, 
xcept for routine inspection for me- 

anical condition. 

The plant is designed to soften the 
major portion of the water to zero 
hardness by passage through natural 
greensand zeolite. Depending upon the 
hardness of the water, the amount soft- 
ened to zero varies from 60 to 80 per 
cent of the total and is regulated by 
adjustment of the controllers on the 
individual units. Operations are con- 
trolled so that the softening units are 
taken out of service for washing and 
regeneration at the end of each period 
of zero hardness production. Units 
have not been operated in the so-called 
twilight zone. 

The make-up water necessary to pro- 
duce a finished water with a hardness 
of 75 ppm. is treated with lime. The 
normal pH of the raw water varies 
from 7.1 to 7.4. The pH of the make- 
up water is raised from 9.6 to 10.0 to 
precipitate the iron and manganese 
present in the raw water. This range 


of pH is generally sufficient to remove 


all iron and in the Settling 
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basin and to raise the pH of the zeolite- 
softened water to 8.0. 

The zeolite-softened water and the 
filtered hard water make-up are mixed 
by means of baffles to produce a fin- 
ished water of the desired hardness. 

The major portion of the water to 
be softened is pumped directly from the 
wells to six zeolite units, each 14 ft. by 
18 ft. in plan, with a greensand layer 
38 in. deep. Each unit contains 800 
cu.ft. of greensand of a guaranteed ex- 
change capacity of 3100 grains per 
cu.ft. This value has been exceeded in 
actual operation and results generally 
have fallen within the range of 3300- 
3500 grains per cu.ft. 

The greensand is supported by four 
grades of gravel, each 2 in. in thick- 
ness: the lower grade ranges from 2 to 
2 in.; the next grade, } to 2 in.; the 
third, yy to 4 in.; and the final grade, 
torpedo sand with the largest particle 
gz in. The underdrainage system is of 
“Leopold” concrete duplex filter blocks 
made at the site of the project. 

The normal rate of operation of the 
zeolite filters is 2 gpm. per sq.ft., al- 
though, in general, it has been found 
desirable to alter the rate of flow to 
correspond with the desired total out- 
put of soft water for the given condi- 
tions of hardness in the raw water. 

Each unit is controlled by hydraulic 
valves operated from a central control 
table on which are mounted the loss- 
of-head and rate-of-flow gages and the 
various control handles for the func- 
tions of the unit, including brining and 
rinsing. 

Each unit is equipped with a perfo- 
rated cast-iron header for the applica- 
tion of brine immediately above the 
zeolite. The salt solution is applied 
by a pump controlled either at the main 
switchboard or at the operating table 
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Flow Diagram of Woodlawn Softening Plant (not to scale) 
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The softened water is stored in a 
(50,000-gal. clear well under the six 
eolite filters. The outlet from the well 
s connected directly to a baffled cham- 
er, at which point it is mixed with the 
itput from the hard-water filters. 

The balance of the raw water passes 
through two mixing chambers, each 
approximately 10 ft. 10 in. by 11 ft. 
7 in. in plan and 18 ft. deep. Each ba- 
sin is equipped with a mechanical agi- 
tator of the paddle type. At the de- 
signed capacity of the plant and at 
maximum hardness, the detention pe- 
riod in the mixing chambers is 30 min. 

From the mixing chambers, the wa- 
ter passes to a weir box and is dis- 
tributed into the lime settling basin, 
24 ft. 6 in. by 43 ft. in plan and 18 ft. 
deep, with a capacity of 124,500 gal., 
sufficient to provide a detention period 
of 3$ hr. at designed plant output for 
hard-water conditions. 

In this basin, the iron and manga- 
nese, generally present in amounts up 
to 1.0 ppm., are removed and the water 
softened by approximately 25 ppm. 
The lime-settled water is applied to 
two sand filters of the same dimensions 
and general construction as the zeolite 
units. The quality of the settled water 
is such as to permit filter runs of ap- 
proximately 48 hr. 

The filtered hard water is stored in 
a basin directly below the two sand 
filters. The well is arranged with a 
weir wall at sufficient elevation to 
maintain an adequate amount of hard 
water in storage to permit the washing 
of a sand filter or a zeolite unit for 5 
min. at a rate of 15 gpm. per sq.ft. if 
desired. If it is found expedient to 
use soft water or water of intermediate 
hardness, this can also be accomplished 
by raising or lowering the elevation of 
the water in the various storage wells. 
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The soft and hard waters are mixed 
in a baffled chamber which leads to a 
finished-water storage well located un- 
der the pumping station proper. This 
well has a capacity of 150,000 gal. 

All piping for sand and zeolite filters 
is located in the central pipe gallery at 
the same level as the pumping station 
operating floor. The level of water in 
the sand filters and in the zeolite units 
is controlled by a hydraulic valve actu- 
ated by the level of the water on the 
filters. In this manner, regardless of 
the head on the well pumps, there is no 
danger of overflow. The elevation of 
the water in the clear well is also regu- 
lated by means of a master controller 
which shuts off all filter units when the 
clear well becomes full. 


Pumping Station Design © 


The pumping station for the plant is 
located at pipe gallery level. Three 
units of high-lift centrifugal pumps— 
one of 500 and two of 1000 gpm. each— 
discharge against a head of 200 psi. 
through a 16-in. cast-iron main. Space 
has been provided for a fourth unit 
when required. Normally, at the pres- 
ent time, the station is operated at a 
rate of 1500 to 2000 gpm. 

Wash-water pumps for both the sand 
filters and the zeolite units are also lo- 
cated in this room. They take the suc- 
tion from the hard-water well and dis- 
charge through a 12-in. pipeline to the 
wash-water system of each of the fil- 
ters. If the operator desires to use 
hard water only for backwashing, this 
may be accomplished by maintaining 
the elevation of the mixed water well 
at a level below the baffle wall in the 
hard-water storage well. By raising 
the level in the mixed-water well, 


water of any desired hardness may 
be used for backwashing operations. 
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Each wash-water pump has a capacity 
of 3800 gpm. against a total head of 
50 ft. The head on the discharge side 
of the pump may be maintained at any 
desired level by the setting of an auto- 
matic water relief valve to return ex- 
cess water to the hard-water well. In 
general, the wash water required for 
the zeolite units is furnished at the rate 
of 11 gpm. per sq.ft., while, for the 
silica sand filters, the rate is raised to 
15 gpm. per sq.ft. 

All high-lift and wash-water pumps 
are maintained in operating condition 
by means of an automatic continuous 
priming system consisting of electrode 
chambers and vacuum tanks to start 
and stop a vacuum pump at a predeter- 
mined vacuum and to cut in a water 
ejector for priming in the event of 
power failure to the vacuum pump. 
The equipment is arranged so that it 
is impossible to start a pumping unit 
not properly primed and to shut down 
any unit upon loss of prime. 

The pumping station also houses the 
brine-measuring tank and the brine 
pump. The brine is drawn from out- 
side saturator tanks, diluted to approxi- 
mately 20 per cent and pumped to the 
units. 

The controls for pumping equipment 
are located in a central control room 
on the filter operating floor. The 
wash-water and brine pumps may be 
started either at the control board or 
at a central station in the filter op- 
erating room, where the brining and 
washing operations are visible to the 
operator. The brine pump is normally 
shut down by float switch control in 
order to insure exact dosage of the 
individual zeolite units. 

On the control panel are also 
mounted the audible telephone control 
circuit for the remote starting and stop- 
ping of the seven raw-water well 
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pumps, the recording Venturi meter 
for the measurement of the output of 
finished water, the recording pressu: 
gages for the pumps and water lev 
recording gages for the hard-water an 
the mixed-water storage wells. On th 
same board is also mounted the gag 
to indicate the level of the water in tl 
distribution reservoir, approximatel 
23 miles distant. 

In general, the power requirements 
for the station are furnished at 440 
volts from a substation located imme- 
diately adjacent to the building. 

The operating floor over the puny 
ing station houses an office, an ade 
quate laboratory equipped for all rou- 
tine chemical determinations for the 
control of the plant and a sampling 
table which permits the chemist to draw 
samples from any of the operating units 
of the station. In the main filter build- 
ing are also provided a separate chlori- 
nator room and the conventional utility 
room, toilet, showers and storage facili- 
ties. 

Design of Building 

The filter building proper is a single 
story structure of brick and terra cotta 
trim. The main lobby and filter room 
are constructed of ceramic tile to re- 
duce to the minimum the cost of main- 
taining a clean and attractive appear- 
ance. All floors in the main portion 
of the building are of terrazzo. 

The chemical feed and storage build- 
ing is a two-story brick structure, con- 
structed over the mixing chambers and 
settling basin. The space over the 
mixing chamber houses the dry feed 
machines and the agitator drives. Each 
dry feeder is equipped with a hopper to 
permit loading from the storage floor 
above. 

The floor over the settling basin af- 
fords ample space for a meter testing 
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and repair shop and a machine shop for 
ordinary repairs of all station equip- 
ment. The second floor of the chemical 
building is devoted entirely to the stor- 
age of lime and the loading of the hop- 
pers of the dry feed machines. Ample 
space is available for two cars of lime. 
\ railroad siding extends to the rear 
of the building and permits the direct 
loading and transfer of chemicals to 
final storage by means of an electric 
hoist and a trolley system. 

Salt is purchased in bulk in carload 
lots of 60,000 Ib. and is stored in one 
f two saturators, each having a ca- 
pacity of 80,000 Ib. Each. saturator is 
equipped with a gravel filter underdrain 
and a perforated pressure piping sys- 
tem to insure complete saturation of 
the brine. The water level in the satu- 
rator bins is maintained at constant 
level by means of float valves. 

The entire plant is heated by means 
of gas, and heat is distributed to the 
larger units of the plant through ven- 
tilating type unit heaters and to the 
remainder of the plant by means of 
convector radiators. The ventilation 
provides for six complete changes of 
air per hour and is sufficient to insure 
the absence of excessive moisture in 
the pump room, filter gallery and filter 
operating room. 

Operating Results 

As previously mentioned, the water 
supplied to consumers for many years 
had a hardness varying from 250 to 
350 ppm., with iron and manganese 
present generally in amounts above de- 
sirable limits. Complaints of “red” 
and “black” water were rather numer- 
ous. In the year immediately prior to 
the completion of the softening plant, 
the water served to consumers ap- 
proximated the hardness of previous 
years, in iron and man- 
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ganese were not present in objection- 
able amounts. 

The plant was put in operation in 
March 1942. For a period of two 
weeks, the water served to the con- 
sumers was softened from 300 to 200 
ppm. For the next two weeks, the 
hardness was reduced to 150 ppm., fol- 
lowed by a two-week period at 125 
ppm. Thereafter, the water was soft- 
ened to the final lower limits of 75 
ppm. This procedure was adopted to 
minimize any effect of the change in 
the quality of the water on deposits 
either in the mains or in the house 
plumbing lines. In all of these op- 
erations, the pH of the finished water 
was maintained between 7.8 and 8.0. 
Very few complaints were received 
and in all cases these were from iso- 
lated locations. The transition from 
hard to soft water was scarcely noted 
by the consumers, except that stores 
and laundries did comment upon the 
sudden drop in the sale and use of 
soap. Very few persons mentioned 
any change in taste of the water. 

In general, the plant has been op- 
erated to obtain an exchange capacity 
of zeolite varying from 3300 to 3500 
grains per cu.ft. with a salt consump- 
tion of 0.35 Ib. per thousand grains 
of hardness removed. The average run 
of the zeolite filters is approximately 
5 hr. In routine practice, three or 
four zeolite units have been run in 
conjunction with one silica sand unit 
to produce the desired quantity of 
water with a hardness of 75 ppm. 

For the first few months there was 
a tendency to use excessive amounts of 
water for plant purposes, particularly 
for backwashing and rinsing opera- 
tions, with the result that during the 
first three months, the total amount of 
water consumed at the plant approxi- 
15 per cent of the 
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water. Later, the schedule adopted 
showed that entirely satisfactory re- 
sults were obtained by washing the 
zeolite units for 3 min. at the end of 
each run and rinsing for 30 min. at a 
rate of approximately 300 gpm. The 
sand filters have been washed for ap- 
proximately 5 min. at a rate of 15 
gpm. per sq.ft. After adoption of 
- this schedule, the total use of plant 
water has varied from 9 to 10 per 
cent of the incoming water. 

One of the noteworthy facts con- 
cerning the operation has been the close 
control of a hardness and pH of fin- 
ished water without the use of me- 
chanical mixing devices. In routine 
operation, this control has been accom- 
_ plished by apportioning the amount of 
_ water to be passed through the zeolite 
units and the make-up water and de- 
pending upon the relative levels of the 
wells and the baffled chamber for thor- 
ough mixing of the water. In general, 
it has been possible to control the fin- 
_ ished water at all times within a hard- 
ness range of 73-77 ppm. In like 
- manner, the pH has also been con- 

trolled between 7.8 and 8.0. 

-- The cost of producing the soft water 

including high-lift pumping from the 

wells against a head of 200 psi. and 

_ including chemicals and labor, has var- 
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ied between 10 and 11 cents, depending 
upon the plant output. The total in- 
vestment in the new plant, including 
the acquisition of land, the construc. 
tion of the railroad siding and _ the 
substation, the softening plant and the 
seven wells and control equipment, is 


approximately $400,000. 


Effect on Rates 


Prior to the construction of the soft- 
ening plant and the new ground-water 
supply, the rates for service were low. 
The minimum charge to consumers un- 
der the old schedule was $2 per quar- 
ter, which entitled the consumer to use 
7500 gal. of water. Corresponding 
rates for larger consumption varied 
from $0.25 to $0.14 per thousand gal- 
lons. The rates for service were re- 
vised upward upon the initiation of 
softening, so that the minimum charge 
is now $3 per quarter for 6000 gal. 
Rates for larger consumption vary 
from $0.40 to a minmum of $0.20 per 
thousand gallons. 

The rates to the average consumer 
were increased approximately 50 per 
cent. Despite such a substantial in- 
crease, however, the consumers have 
been generally satisfied to pay for the 
advantage of soft water. 
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Abstracts of Water Works Literature 


Key: In the reference to the publication in which the abstracted article appears, 34: 412 


(Mar. ’42) indicates volume 34, page 412, issue dated March 1942. 


If the publication is paged 


by the issue, 34: 3: 56 (Mar. ’42) indicates volume 34, number 3, page 56, issue dated March 


1942. 
follows: 


Initials following an abstract indicate reproduction, by permission, from periodicals, as 
B.H.—Bulletin of Hygiene (British); 


C.A.—Chemical Abstracts; P.H.E.A.—Public 


Health Engineering Abstracts; W.P.R.—Water Pollution Research (British); I.M.—Institute of 


Metals (British). 


Comparison of the New Canadian and 
U.S. Water Quality Standards. Norman J. 
Howarp. Can. Engr.—Wtr. & Sew. 81: 2: 9 
Feb. ’43). U.S.P.H.S. and Canadian water 
qual. stds. discussed. Suggested that, inas- 
much as conditions in Dominion closely paral- 
el those in U.S., former should be adopted in 
Canada. Examn. of 100-ml. portions for coli- 
form bacteria routine practice in Toronto for 
many years. In ’42, 5951 samples from distr. 
ystem examd., only 2.01% of which con- 

iined coliform bacteria, notwithstanding fact 

hat raw water heavily pold. with sewage. 
Collection of chlorinated water samples in Na 
thiosulfate-treated bottles routine practice for 
some time.—R. E, Thompson. 


Sanitation Manual for Land and Air Con- 
veyances Operating in Interstate Traffic. 
\non. Pub. Health Rpts. 58: 159 (Jan. 29, 
43). Sec. 1. Sources of Water Furnished to 
Interstate Carrier Conveyances: Water for 
drinking and culinary use on interstate land 
and air conveyances shall be of qual. pre- 
scribed by U.S.P.H.S. Drinking Water Stds. 
and secured only from supplies approved in 
U.S. Interstate Quarantine Regulations, '21. 
Items in following sections further elaborated 
under headings pub. health reason and satis- 
factory compliance. Sec. II. Delivery of 
Water to Conveyance: Considered from stand- 
points of hydrants, water hose, water buckets 
ind ice handling. Sec. III. San. Facilities 
it Terminals and Yards: Places for servicing 
land and air conveyances, such as depots, 
coach yards, bus stations and airfields shall be 
provided with all san. facilities essential to 
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protecting pub. health. Equip. and facilities 
of adequate nature and extent shall be pro- 
vided so that water, ice, foods and cleaning of 
conveyances handled or accomplished under 
acceptable conditions. Wastes disposal, im- 
pure water supplies, platforms at servicing 
areas, excreta disposal at terminals and yards, 
water cooler and filter cleaning equip., hand- 
ling food and drink supplies, cleaning convey- 
ances, san. facilities for and cleanliness of em- 
ployees and freedom of latter from communi- 
cable disease discussed. Sec. IV. San. Con- 
dition of Conveyances: Shall be such as not to 
facilitate interstate spread of any communi- 
cable diseases enumerated in U.S.I.Q. Regs. 
and to this end conveyances shall be maintd. 
and operated in satisfactory, manner for health 
protection. Conveyance toilet and lavatory 
facilities, discharge of wastes from convey- 
ances at stations, from conveyances en route, 
their cleanliness, ventilation and heating dis- 
cussed. Sec. V. Water Supply Facilities of 
Conveyances: Equip. on conveyances for water 
storage and distr. for drinking and culinary 
purposes shall be satisfactory. Conveyance 
water system, water filling connections of rail- 
way conveyances, conveyance water coolers, 
water filters, drinking water dispensing and 
use of const. temp. bottles for water discussed. 
Sec. VI. Conveyance Dining Space Facilities: 
Equip., facilities and conditions on land and 
air conveyances relating to storage, prepg., 
handling and serving food and drink shall be 
such as to assure health protection of con- 
sumers. Subject further detailed under gen- 
eral specifications, compliance with interstate 
quarantine regulations and misuse of dining 
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space facilities. Sec. VII. San. Qual. of 
Food and Drink: Foods and beverages pro- 
vided on land and air conveyances shall be of 
such qual. and stored or served under such 
conditions as not to become agents for inter- 
state spread of any communicable disease. 
Wholesomeness, storage and refrigeration of 
food and drink discussed.—Ralph E. Noble. 


Inspection Program Adopted for Semi- 
Public Water Supplies. Evreretr C. HAn- 
porF. W.W. Eng. 95: 193 (Feb. 25, '42). 
Memphis, Tenn., established routine inspec- 
tion control over many water supplies on 
private premises. Function of the city health 
dept., activity supported by city and water 
com. ordinances and codes (published). Code 
explains need of ordinance, hazards of cross- 
connections, adequate protection, review of 
water-borne typhoid outbreaks, dysentery and 
diarrhea traced to water supplies in U.S. since 
’20. History of Memphis water supply de- 
velopment briefed. City and county health 
depts. co-operate. Underground flow be- 
tween wells traced by acid treatment and pH 
detns. Inspections of each supply made twice 
each year, samples taken monthly, and ques- 
tionable supplies followed up as indicated and 
required by san. surveys or lab. reports. 
Routine inspection sheets used. Wells classi- 
fied as public, quasi-public, cross-connected to 
city supply, dual supply, strictly industrial 
and strictly private. Cross-connections pro- 
tected. Annual fees charged and permits is- 
sued for use, permits for repair and permits for 


Treatment of Water for Domestic and In- 
dustrial Requirements. ALBERT PARKER. 
Engineering (Br.) 154: 37, 44, 77 (July 10, 17, 
24, '42); J. Inst. Civ. Engrs. (Br.) No. 8: 365 
(Oct. '42). Although water available from 
rain in Great Britain about 20 times as great 
as quant. required for domestic and industrial 
purposes, water-supply undertakings and in- 
dustries frequently experience difficulties in 
obtaining suitable supplies within reasonable 
distance. Water Poln. Research Bd. stressed 
importance of accurate information on water 
resources and on variations with different 
conditions of weather. After ensuring that 
source for public supply or for certain indus- 
trial purposes kept as free from poln. as possi- 
ble, next step to decide on treatment necessary 
to render water suitable for purpose required. 
Removal of coarsest suspended matter can be 
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new constr. (based on approval of filed plans). 
Stds. of constr. enforced. Provision of samp- 
ling cocks required. Required water treat- 
ment and storage described. Std. pipe color 
scheme enforced to facilitate identification, 
Filling of abandoned or obsolete wells in- 
spected. Possibilities of poln. stressed and 
chem. anal. also used to aid in its detection. 
Private and public wells subject to fire dept. 
use, and in other emergencies. Inspection 
program control, enforcement and _ service 
program with stress given to education and 
fact-finding surveys.—P.H.E.A. 


Laboratory Policies and Requirements in 
the Examination of Water. O. Costa MaAn- 
DRY. Puerto Rico Health Bul. 5: 411 (Dec. 
’41). Comprehensive review of public health 
importance of water supplies. Methods of 
disease transmission by water supplies and 
several types of water occurring in nature de- 
scribed. Procedures in certification of drink- 
ing waters and stds. of U.S. Public Health 
Service outlined. San. surveys, methods of 
sampling and signif. of chem. and bact. anal. 
described. Data on existing water supplies of 
Puerto Rico and their adherence to U.S.P.H.S. 
Stds. Figures show that in '41, total of 75% 
of urban pop., representing 25% of island’s 
total, served with water receiving some kind 
of purif. Remaining pop., located largely in 
rural areas, still uses raw water potentially 
subject to contamn. No supply meets all 
requirements for certification under U.S. Stds. 
—P.H.E.A. 


achieved by simple sedimentation in reser- 
voirs or tanks. Removal of fine suspended 
and colloidal matter effected by addn. of chem. 
coagulant, followed by mixing, sometimes sed- 
imentation and filtration of water through fine 
sand. Storage of water exposed to light may 
give rise to growths of algae. . In overcoming 
difficulties caused by algae, prevention better 
than cure. Prevent contamn. of water by 
nutrient substances; add CuSQ,, 0.1 to 1.0 
ppm., potassium permanganate, 0.2 to 0.5 
ppm., or Cle, 0.5 to 1.0 ppm. Difficulties 
sometimes caused by excessive growths of 
true water weeds and of emergent weeds. 
Effort should be made to maintain bed as 
clean as possible to prevent access of mud and 
polg. org. matter with inflowing streams. 
Growth of water weeds can be prevented or 
discouraged by adding sodium arsenate to 
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about 2 parts arsenious oxide, or 1.5 parts 
arsenic, in 1,000,000 parts of water. This 
concn., when applied only occasionally, not 
poisonous to animals. Emergent weeds can 
be killed or discouraged by spraying them 2 
or 3 times at intervals of few days with a 2.5% 
soln. of sodium chlorate. In this concn. not 
poisonous to animals bat clethes satd. and 
allowed to dry highly inflummable. Growths 
which cause difficulty in condensers and 
coolers can be prevented by adding 5 to 10 
ppm. free Cle, repeated at intervals of few 
days. CuSO, should not be added in con- 
denser tubes as it may have a destructive 
action. Both slow and rapid filters have ad- 
vantages and disadvantages. Advantages of 
using rapid filters as prelim. to passage of wa- 
ter through slow filters. Cl: added for ster- 
ilization generally between 0.1 and 0.5 ppm. 
Excess of free Cle gives rise to chlorinous taste. 
Application of Cle so widespread that ten- 
dency to relax efforts to reduce poln. of water 
supply at source. Tendency to be depre- 
cated. Other methods of disinfection include 
addn. of excess lime of about 10 ppm., treat- 
ment with ozonized air, ultra-violet light, and 
oligodynamic action of certain metals. Larger 
quants. than 0.1 to 0.5 ppm, of iron or man- 
ganese may render water unsuitable for cer- 
tain industrial purposes. Methods of re- 
moval include aeration, addn. of lime, sedi- 
mentation and filtration. At some works, 
water softened to reduce hardness to approx. 
100 ppm. Water softened by treatment with 
lime or base-exchange processes. Three types 
of base-exchange zeolites in common use: 
natural glauconites, treated clays and syn- 
thetic products prepared from sodium alu- 
minate and sodium silicate. Exchange value 
of some resins a little greater than that of 
synthetic alumino-silicates, and have ad- 
vantage that they are not destroyed by dil. 
solns. of acids or alkalis. Can be regenerated 
with sodium chloride to give sodium compd- 
which can be used in same way as alumino. 
silicates, or can be regenerated with acid to 
give hydrogen compd. Considerable quants. 
of base-exchange materials made from coal 
now in use on commercial scale. Some natu- 
ral waters, especially soft waters of moorland 
origin, have marked corrosive action on iron 
mains, galvanized steel tanks and lead service 
pipes. Methods of treatment employed in- 
clude addn. of lime, chalk, soda and sodium 
silicate; passage of water through beds of 
limestone, marble and magnesite; and removal 
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tion of whether iodine deficiency in water is % : 


cause of endemic goiter long subject of con- 


troversy. In some districts, supplies con- 


tain abnormal quants. of fluorine—4 or 5 
ppm.—which give rise to mottled enamel of 
teeth. Treatment with calcium phosphate 
one of most successful methods. Discussion. 
[J. Inst. Civ. Engrs.] W. J. E. Binnie: Avg. 
annual runoff from catchment area can be 
estd. from rainfall and extent of area after 
making deduction for loss by evapn., etc. 
Min. flow of river independent of avg. annual 
rainfall as water enters stream from ground 
storage. Removal of gases from water found 
to reduce corrosive activity to 7g. H. T. 
CALVERT: Not much point to carrying out 
inland water survey merely to pigeon-hole 
data. Success of Royal Com. on Sewage Dis- 
posal due largely to fact that it not confined 
to taking evidence. H. F. Cronin: Com- 
bination of rapid filters and slow sand beds 
enable more water to be filtered at lower capi- 
tal cost and smaller running cost than slow 
sand units only. Failures or bad samples ob- 
tained from slow sand units can nearly always 
be traced to ground-water infiltration. E. B. 
BAILey: Fair to say that any inquiry regard- 
ing underground water half answered at time 
asked because so much hydrogeol. information 
collected. Little fluorine helpful, but little 
doubt that more than certain quant. seemed 
to introduce difficulty. PoRTEOUSs: 
Whereas more than 5000 rain gages estab- 
lished in British Isles, percolation measured at 
only six stations. With synthetic zeolite, 
weight of salt required in regenerating varied 
in proportion to bulk of zeolite provided; in 
Cambridge plant, paid handsomely to use ex- 
cess of zeolite to reduce salt consumption. 
W. G. Morritt: Corrosion often occurs when 
large institutions use softened water in hot- 
water system. More satisfactory if water can 
be softened at water works rather than at 
separate points. In that way corrosion diff- 
culty would be remedied. JULIUS KENNARD: 
Rapid progress made in sterilizing supplies 
since epidemic at Croydon. At reservoir in 
West England about 11 yr. ago, activated 
carbon distributed on surface at rate of 5 
ppm. Within 48 hr., carbon had settled to 
bottom and brackish taste and odor (due to 
Chara) had disappeared. A. C. GARDINER: 
Some years ago, small reservoir treated with 
2.2 ppm. copper sulfate to combat Fragillaria. 
Effect immediate and water became clear, but 
within few days small green algae appeared 
and water became grass green. Condition 
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persisted although concn. of copper sulfate did 
not fall below 1.6 ppm. May be practicable 
to kill algae with copper sulfate, but first 


sistant. H. C. WHITEHEAD: Growing simi- 
larity between work of water engrs. and others 
engaged in sewage purif. Re-use of water for 
domestic and industrial requirements more 
general than imagined in all parts of world. 
Author's Closure: Only principles of methods 
for dealing with problem of algae and weeds 
can be stated, as each body of water has its 
own special characteristics. Doubtful if co- 
agulants will reduce quantity of CaCO; de- 
posited in filter although it might be deposited 
in form more easily removed on backwashing. 
Discussion by Correspondence: S. B. JACKSON: 
On basis of cost anal. of water conditioning 
in modern high-pressure, high-temp. steam 
plants, adoption of co-ordinated boiler-feed 
conditioning, including chem. proportioning 
would result in capital saving of 5.0 to 7.5% 
in comparison with lime-soda and evaporator 
scheme. W. N. McLean: In Great Britain, 
ropeway and suspended meter will usually 
suffice for recording water velocs. above 3 or 
4ips. Maint. of continuous records absolute 
necessity. T. H. TuRNER: Success of loco- 
motive feed-water treatment largely due to 
addn. of sodium aluminate, which almost com- 
pletely softens bad waters contg. magnesium. 
Sufficient evidence not yet available to show 
whether Langelier index of real value. R. C. 
S. WALTERS: Some waters softened by base 
exchange result in weak supply of Epsom and 
5a Glauber salts. Difficulty of sludge disposal 
Bs i in lime-soda process should not be over- 
= a emphasized, for sludge may have market 
value. J. Woop: Author’s avg. of 20- 
25 gpd. (Imp.) per capita consumption may be 
- aecurate for England, but does it include 
enormous quants. supplied for Scotland? Au- 
thor’s Reply: In many parts of Scotland do- 
mestic water consumption much greater than 
20-25 gpd. (Imp.) per capita, but, allowing 
for smaller population in Scotland, figure is 
avg.—H. E. Babbitt. 


Developments in the Treatment of Water. 
Paper Tr. J. 115: 15: 23 
ae (42), Description and discussion of various 
modern types of water-softening treatments. 
Spaulding pptr. can be used for: (1) softening 
water to any required deg. down to ultimate 
limit of about 17 ppm.; (2) removal of SiOz 


from water by use of dolomitic lime; (3) re- 
moval of turbidity aad color; and (4) removal 
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of tastes and odors. New rectangular designs 
require less space and are simpler to construct 
than conical or pyramidal designs. ‘‘Spirac 
tor’’ new type of cold lime-soda softener which 
requires only a 5-10 min. detention period and 
produces granular byproduct instead of usual 
sludge. Rotary surface washer device which 
elims. mud-ball formation from filters and re- 
quires only 0.5-1.0 gpm. per sq.ft. of filter 
area for its operation. Carbonaceous or org. 
zeolites can be employed either on Na cycle, 
regenerated with NaCl, or on H cycle regen- 
erated with H2SO,. When employed on H 
cycle, will remove Na as well as Ca and Mg. 
Water demineralized by passing it first 
through H zeolite, then through degasifier. 
Results given show that effluent compares 
very favorably with distd. water while the 
avg. operating cost only some 5-15% of cost 
of distn.—C.A. 


Some Considerations in the Purification of 
Water. NorMAN J. Howarp. Eng. Cont. 
Rec. 55: 15: 36 (Apr. 15, ’42). Sources of 
supply should be investigated carefully and 
purest one selected, providing cost not un- 
reasonable. Possibility of taste and odor 
should not be overlooked. Installation of 
exptl. plant to det. most suitable coagulant 
and optimum conditions for floc formation 
and settlement advisable. Modern rapid 
sand plants usually designed to operate at rate 
of 2 gpm. per sq.ft. Sand size should be not 
less than 0.5 mm. Although slow sand filtra- 
tion not frequently employed in America 
owing to climatic conditions or phys. quality 
of raw water to be treated, process usually 
gives higher bacterial eff. than rapid sand 
filtration and is more effective in dealing with 
water subject to taste and odor. Treatment 
for reduction of hardness and correction of 
corrosiveness may be required. Other objec- 
tionable mineral constituents include Fe, 
chlorides, if in sufficient concn. to cause taste, 
and Pb. Permissible limit for Cu will prob- 
ably be raised from 0.2 to 0.5 ppm. Most 
serious present-day problem is poln. due to 
indus. wastes and lack of adequate sewage 
treatment.—R. E. Thompson. 


Ozone in Water Treatment. STANLEY 
Jenxs. Am. City. 57: 6: 64 (June '42). Re- 
cent developments in equip. and reduced elec. 
power costs have made ozonation of water de- 
pendable and economical process in water 
treatment. 10 yr. ago 25 kwhr. per lb. ozone 
proteced required; today hr. used. 


> 


e 
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Made possible by improved air-conditioning 
and drying equip. and chems. More efficient 
heat dissipation considerably lengthened life 
of dielectric. Ozone treatment valuable be- 
cause of powerful oxidizing action; excess dos- 
age produces no harmful effects; relative sim- 
plicity of application and ability of testing 
residuals with ortho-tolidine.—F. J. Maier. 


Sanitation and Purification of New York 
City’s Water Supplies. FRANK E. HALE. 
J.N.E.W.W.A. 55: 52 (Mar. ’41). Methods 
for safeguarding N.Y.C. water supply given. 
Use of water about 980 mgd. from watersheds 
of 1136 sq.mi. and several well fields in Queens 
and Brooklyn. Storage first line of defense 
and avg. of 60 days’ storage available. Micro- 
organism and bact. detns. made at varying 
depths in reservoirs and at established sam- 
pling points. Aeration used on Catskill water 
as it leaves Ashokan. Cities on watersheds 
have their sewage treated usually by sludge 
digestion, sand filtration and chlorination of 
filter effluent. All surface water chlorinated 
at least twice and all wells that require it 
chlorinated. All cases of typhoid fever on 
watersheds carefully checked over by city. 
lurbidity controlled by use of alum added to 


Consumption of Chemicals by Municipal 
Water Works in Canada. ANon. Can. 
Engr.—Wtr. & Sew. 80: 10: 23 (Oct. ’42). 
Dominion Bur. of Statistics data for ’40 and 
‘41. '41 consumption in tons, by 217 water 
works using chems: alum, 4764; chlorine, 751; 
lime, 2568; salt, 500; soda-ash, 524; sulfur 
dioxide, 105; chloride of lime, 33; activated 
carbon, 33; ammonium sulfate, 66; anhydr. 
ammonia, 4. Consumption of specific chems. 
by provinces and municipalities tabulated.— 
R. E. Thompson. 


Experiments for Increasing the Rate of 
Flow of Chlorine Gas From Standard Cylin- 
ders. N. N. Kuznetsov. Vodos. Sanit. 
Tekh. (U.S.S.R.) No. 10: 54 ('39); Khim. 
Referat. Zhur. (U.S.S.R.) No. 3: 81 ('40). 
Elec. thermostat constructed to compensate 
for loss of heat from evapn. of Cle. Thermo- 
stat equipped with contact manometer which 
disconnects heaters on increase of pressure in 
collector. Use of elec. thermostats under 
production conditions decreased required no. 
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aqueduct between 2 reservoirs. From 1.6to 
0.35 gpg. added with enough lime hydrate to | 
neutralize acidifying effect of alum. Several 
iron-removal plants operated on well water 


supplies. Micro-organisms occur throughout 
reservoirs, and these controlled by copper © 


sulfate, increased chlorination and change of = 
point of draft. 3 labs. make phys., chem., = 


bact. and microscopical examns. of water sup- 
ply and sewage plant effluents. Also check | 


pipelines added to distr. or supply system. 


Charts and tables included showing work of © 
lab. div. and results obtained —P.H.E.A. 


How Woodstock, Ill., Met Its Hard-Water 
Problem. LrEsTER E. Swain. Am. City 57: 


8: 55 (Aug. Water supply for Wood- 


stock, IIl., obtained from 2 deep wells has 
hardness of 380 ppm. Water softened in cold- 
lime treatment plant of 1 mgd. capac. With 


demand reaching 2 mgd., new plant of 3mgd. 


capac., consisting of 2 Spaulding precipitators 
completed. Increased capac. required no in- — 
crease in ground space, since precipitators in- 
stalled in 2 former settling basins. Hardness © 


reduced to 85 ppm., lime deposits in mains _ 


elimd., filter washings cut in half and pH con- 
trol better.—F. J. Maier. 
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sponding decrease in connecting lines and no. 
of parts.—C.A. 


Handling Shipments of Liquid Chlorine. 
Rospert J. Quinn. Chem. Indus. 51: 872 
(Dec.’42). Equip. for Handling Dry Chlorine: 
As liq. or gas, ordinarily iron, brass or copper 
used for equip. for handling Cle as liq. or gas. 
Piping for liq. should be at least of }’’ extra- 
heavy black iron; valves of heavy iron constr. 
with stems, seats and seat rings of resistant 
alloys. Graphitized packing. recommended 
by mfr. provides sufficient lubrication. Other 
lubricants avoided because of chem. reaction. 
In long pipelines for liq. Cle, shut-off valves 
provided every 100’. Liq. Clz expands 0.16% 
of its vol. with every deg. F. increase in pres- 
sure. As closed-off pipe, therefore, liable to 
rupture from hydrostatic pressure, should pro- 
vide each section with expansion chamber of 
least 20% pipe capac., vertically above pipe. 
Equip. for Handling Moist Chlorine: In han- 
dling Cl. in contact with moisture, as in feed- 
ing into soln., silver, chem. lead and special 
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following net wt. containers: single unit tank 
hee ars holding 16 and 30 tons; multi-unit cars 

15 1-ton containers; and cylinders 
holding 100, 105 and 150 Ib. Outside temp. 
in relation to expansion property of Cls; dis- 
_ charge from containers; safety devices; pro- 
tective measures; limiting pressures; air pad- 
ding; storage temps.; feeding Cl, into liq.; 
_ valve leaks; and first-aid measures detailed.— 


Ralph E. Noble. 


_ Making a Phosphate Control System Work. 

W. ApL_um. Power Plant Eng. 46: 12: 70 
{ 42). Phosphate treatment supplementary 
to lime and soda ash softener. At outset, 
My control of phosphate feed erratic and unsatis- 
Bs - factory. Special spark-plug control to indi- 
cate depletion of phosphate in pressure tank 
installed. Removal of iron hydroxide floc, 
which resulted in clogging control valve, ac- 
complished by special mixing tank. Opera- 
tion and results described. Several illustra- 
tions make description clear.—C.A. 


Round-up of the Water Conditioning Situa- 
tion Under War Conditions. REGINALD 
TRAUTSCHOLD. Rayon 23: 427 (July °42). 
Water’ Troubles Controlled—Threshold 
Treatment Found Effective: Iron and steel pipe 
corrosion, traceable chiefly to passing water 
of low pH, giving hydrated iron oxide carried 

s “red water’’ or pptd. over regions of cor- 
rosion. ‘Red water’’ commonly treated with 
lime, caustic soda or soda ash with question- 
able results. Frequently, treatment fails to 
stop corrosion, simply decreasing difficulties 
by pptg. iron oxide and increasing tubercula- 
tion. More effective and economical pro- 
cedure, threshold treatment using vitreous 
sodium phosphate to form protective film ad- 
sorbed on pipe surface, definitely inhibiting 
corrosion. Pennsylvania woolen mill used 
Schuylkill R. water. At test, pH varied from 
6.6 to 8.1, with hardness 68 to 148 ppm. Eff. 
zeolite softener reduced latter to 10 ppm. as 
CaCO; but, as usual, increased iron content 
thereof. Daily water samples from softened 
water and dye house, mixed into carefully 
measured weekly composite samples. Such 
mixtures then anald. to det. iron pick-up in 
distr. system. Threshold treatment started 
Jan. 3, '40, feeding 8 ppm. of vitreous sod. 
phos. into soft water tank dischg. Reduced 
to 6 ppm., Jan. 26; to 4, Feb. 14; to 2, May 1. 
Iron pick-up reduced to negligible amt.; de- 
cidedly worth while. 93% Effective: At one 
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bleachery, 2-wk. treatment reduced i iron 
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content of water supply from 1.75 to 0.56 


* ppm.; after 2 mo., to 0.12 ppm. Cash divi- 


dend therefrom substantial. Microbiological 
Control—Chlorination Protects Mill Processing: 
Chlorination for microbiol. control received 
much attention in recent yr. to protect mill 
processing equip. and fabrics produced, against 
bacteria, molds and algae in supplies. In 
extreme cases, slime development in plant 
water lines gave difficulty when accumulations 
broke away and lodged within fabrics. Gela- 
tinous capsule-forming organisms attacked 
cellulose and rapidly built up capsular mate- 
rial from decompn. products, growing rapidly 
under favorable conditions. Carbonic and 
lactic acid formation lowered pH of soln. 
These slime troubles closely parallel more 
serious slime troubles in pulp and paper mills 
where control effected by chlorine alone, or 
with ammonia to form chloramine. Where 
use of latter practical, ammonia-chlorine 
treatment more economical of Cl2.— Ralph E. 
Noble. 


Deacidification of Water. Eric L. HOLMEs, 
Luctr E. HoLmMEs & Ws. G. PREscoTT (to the 
Permutit Co.). U.S. Pat. 2,281,194 (Apr. 28, 
’42). Water such as that contg. very small 
proportion of HCl and H2SO, deacidified by 
contact with extensive surfaces of resin-im- 
pregnated carrier made by treating inert 
material such as ground coke or pumice stone 
first with org. amine such as m-phenylenedia- 
mine-hydrochloride and then at elevated 
temp. with aldehyde such as paraformalde- 
hyde capable of forming at such temp. an insol. 
acid-absorbing condensation product with 
amine. Treating material regenerated from 
time to time by washing with dil. alk. solns. 
Various details given.—C.A. 


Deacidification of Water by the Magno 
Process. A. F. Meyer. Z. Ver. Dtsch. Ing. 
(Ger.) 85: 866 ('41). Discusses experiences in 
use of Magno process for deacidifying water 
during 5 yr. since introduction. Automatic 
regulation of calcium-carbonic acid equili- 
brium has made process suitable for use in 
small water works, but necessary to wash 
filter regularly to remove solids retained. 
Process used for treating water supplies for 
industries and for swimming pools. Removal 
of iron and manganese of great importance. 
When iron present in inorg. form only, re- 
moved by Magno process alone; but when 
permanganate demand of water more than 
12 mg./l., prelim. coagulation | necessary. If 
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content of manganese less than about 3 of 
that of iron, removed with iron, but frequently 
time must be allowed for formation of layer 
of compds. of manganese on filter medium, 
which then adsorbs further manganese. Wa- 
ter produced by Magno process clear and free 
from iron and manganese and has stable 
calcium-carbonic acid equilibrium; this, how- 
ever, does not prevent formation of protective 
layer over metal. Synthetic material (Magno- 
Syn) now produced, in which structure and 
chem. compn. can be adjusted more easily 
than when material obtained from dolomite 
(Magno-Dol).—W.P.R. 


Sedimentation Basins for Water Purifica- 
tion. HuGo ALBERTELLI. Bol. Obras Sanit. 
Nacidn. 6: 204, 292 (Sept., Oct. ’42). Part I: 
Review of theoretical principles involved and 
std. practice in sedimentation basin design 
followed by description of important installa- 
tions of this type in Argentina. Since Spanish 
terminology on subject not well established at 
present, author suggests use of generic name 
decantadores to include all types of sedimenta- 
tion basins. Term proposed for plain settling 
basins aclaradores, while that for basins in 
which sedimentation aided by coagulants de- 
positos de coagulacién. For most part, ref. 
made to std. U.S. practice in basin design al- 
though, in. discussion of methods for inter- 
mittent sludge removal, mention made of 
multiple hopper bottom installation at Stutt- 
gart (Germany) where hydrostatic pressure of 
water in basin used to flush out sediment by 
periodic operation of valves at bottom of 
hoppers. Emphasis placed on importance of 
location and design of sedimentation basin 
inlets and outlets, as well as on devices to 
minimize short-circuiting. Std. types of mech. 
equip. for continuous sludge removal discussed 
and illustrated. Part IJ: Tabulated summary 
of principal sedimentation basin installations 
in Argentina. Of 36 basins described, 29 in 
plants operated by Natl. San. Works Dept., 
3 in installations controlled by a Provincial 
(State) Govt., 1 municipally owned and 3 
managed by private-companies. Presettling 
facilities to remove coarser particles during 
periods of unusual water turbidities available 
at 12 of plants surveyed. Raw water turbidi- 
ties vary from 12 to 15 ppm. at some plants, 
while at others fluctuate between 5 and 4000 
ppm. About } of basins described of rec- 
tangular type varying in ratio of length to 
width from 4:1 to 2:1. Depths fluctuate 
from 1.50 to 4.50 m. 


Table includes 3 square 
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and 6 circular units varying in depth from 
2.30 to 3.20 m. Usual theoretical retention 
period varies from 2 to 6 hr., although at some 
installations as long as 10 to 18 hr. At most 
plants, draining and cleaning method of sludge 
removal used. Other data included in table 
for each installation are: name of locality, 
water source, max. and avg. daily water con- 
sumption in ’41, vol. of water treated, number 
of sedimentation units, type of inlet and outlet 
devices, length of water travel in basin and 
system of sludge removal. In plants being 
remodeled and on new installations, trend 
towards installation of presettling basins 
where high turbidities expected, elimn. of 
around-the-end baffling, provision of hopper 
bottoms near basin inlets and more general 
use of weirs at inlets and outlets—J. M. 
Sanchis. 


Sedimentation Tank Design Claims 93.3% 
Efficiency. ANON. Eng. Cont. Rec. 55: 30: 
16 (July 29, '42). Brief description of sedi- 
mentation basin developed by Robert Walton 
and Thomas D. Key at Alexandria, Egypt, 
after 12 yr. experimentation. Basically, unit 
consists of. tank of any desired shape with very 
wide inlet and outlet and special internal 
baffles with submerged apertures at top 
through which water passes from one section 
to another. Recognizing that much loss in 
eff. results from irregular flow, tank designed 
to ensure uniform flow and eliminate vertical 
currents due to atm. temp. variations. At 
Alexandria, ordinary clarifier gives avg. eff. 
of only 60%, whereas new 0.935-mil.gal. unit, 
circular in shape and 110’ in diam., has re- 
moved avg. of 93.3% of suspended matter 
from highly turbid Nile R. water over period 
of 4 yr. Rate of flow is 0.22 mgd., providing 
4 hr. settlement.—R. E. Thompson. 


Water Clarification and Supply System. 
Harvey A. Watson. U.S. Pat. 2,271,165 
(Jan. 27, ’42). Use made of well pump, aera- 
tor connected by pipe line to well pump into 
which pump discharges, sedimentation tank 
having opening in communication with aerator 
into which aerator discharges, second pump 
connected by pipe lines to sedimentation tank 
for drawing water from tank, pressure tank 
connected by pipe line from second pump into 
which pump delivers, water-purifying device, 
pipe line connecting the pressure tank and 
water-purifying device, valve in pipe line to 
cut off flow of water from pressure tank to 
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in pipe line and communicating with pressure 
tank ahead of first- cnnatened valve, whereby 


Separation of Impurities From Water by 
Use of a Precipitating CHARLES H. 
Spautpinc. U.S. Pat. 2,272,026 (Feb. 3, 
42). App. described and method of puri- 
fying supply of water contg. impurities to be 
pptd. which involves maintg. zone of upwardly 
increasing asea (as in conical tank), mixing 
_ impurity-laden water with pptg. agent, intro- 
_ ducing mixt. into lower portion of zone at 
_ velocity sufficient to support substantially all 
_ impurities and ppt. therein, passing mixt. up- 
__wardly through this zone wherein fine impuri- 
ties and ppt. aggregate, simultaneously pro- 
gressively diminishing velocity of mixt., ve- 
locity at intermediate portion of zone below 
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blanket of impurities and ppt. created imme- 
diately below intermediate portion of zone 
and area contg. clear water moving at low 
velocity provided above intermediate portion, 
withdrawing water highly concd. with aggre- 
gated impurities and ppt. from area of blanket 
as divergent side stream, and withdrawing 
clear liquid from low-velocity area.—C.A. 


Clarifying Liquids Such as Water Supplies, 
Sewage and Industrial Wastes. SAMUEL L. 
TOLMAN (to the Jeffrey Mfg. Co.). U.S. Pat. 
2,266,097 (Dec. 16, ’41). App. described and 
method of flocculation which involves sub- 
jecting liquid flowing through a flocculator to 
flocculating action in successive stages by sub- 
jecting liquid to successive circular motions 
from energy source independent of liquid flow 
and about horizontal axes and confining flow 
of liquid irom one stage to next substantially 
along axis of rotation of liquid and closely 
adjacent to such axis.—C.A. 


ky The New Filtration Plant of Newport News, 612. Material readily obtained in 41 under 
~ Va. Reeves Newsom. W.W. & Sew. 89: <A-3 priority which had to be increased to 
2: 501 (Dec. ’42). Completed in Sept. ’42, AA-2X before completion of job.—F. J. 


Newport News filtration plant first major 
water works project completed by Dept. of 
Pub. Wks. largely with Lanham Act funds. 

_ ‘39 water consumption raised above avg. 4.5 
7 _ mgd. because of shipyard activities. Present 
e } max., 12 mgd., shared by older plant. Either 
plant, with corresponding pumping stations 
and force mains, could carry 75% of peak de- 
So during emergency repairs to other. 
Plant consists of coke-tray aerator, low-lift 

- pumps, chem. storage and feeding equip., 2 
mech. flocculators, 2 settling basins for 4-hr. 
detention, four 1.5-mgd. “‘Wheeler’’ bottom 
filters with c-i. wash-water gutters (42” per 
min. max. wash rate), 150,000-gal. concrete 

; = -water standpipe with pumps and high- 
lift pumps. All valves hydraulically operated 

from high-lift pump pressure. Auxiliary 

_ pump and pressure tank prov ides emergency 
on power for valves. All pipe from 36” to 3?” 
diam. cement lined, including entrance sec- 
tions of Venturi tubes. Electrically operated 
valves and 2-4” combination relief 

valves and surge suppressors installed to re- 
duce surge in high-lift discharge line. Con- 
tract included constr. of 3 operators’ residences 

and vine of 17 mi. of 30” to 12” c- “i. cement 


Maier. 


Micro-Straining—A New Development in 
Water Purification. P. L. Boucner. The 
Engr. (Br.) 173: 42, 445 (May 22, 29, ’42). 
With advent of automatic, continuously self- 
cleaning strainers became practicable to em- 
ploy fine screens and machines fitted with wire 
cloth having up to 150 meshes per lin.in. 
Object of present investigation to develop 
straining process for water some 7 times finer, 
on a linear basis, than that provided by use of 
100-mesh wire cloth. Coarse straining is use 
of apertures of any size down to ;"’; medium 
straining between }’’ and ¢;’’; and fine strain- 
ing down to 350 meshes per in. The 350- 
mesh wire cloth, which is probably finest mesh 
wire cloth mfd. in commercial quants., has 
aperture of 39 uw and in piece of cloth 2’ x 4” 
nearly a million apertures. Even this mate- 
rial in many expts. made with different water 
samples, allowed much visible sediment to 
pass. Possibility of bright electro-plating 


this cloth studied with 3-fold object of reduc- 
ing still further original 39 u aperture, strength- 
ening cloth and increasing resistance to cor- 
Samples prepd. having apertures of 
20 uw aperture wire cloth, 
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or heads up to 1’, when passing water contg. 
not more than 20 ppm. of suspended solids, 
rating for 1’’ difference of level is 174 vertical 
ft. per hr., compared with 19’ to 38’ per hr. 
for rapid sand filters. Flow through micro- 
fabric streamlined, and difference of head 
across a continuously self-cleaning strainer 
rarely more than 1” or 2’... May be concluded 
from corrosion tests that 20 w-aperture cloth 
can be used with confidence in waters having 
pH values between 5.5 and 9.0. Results of 
small-scale tests, with no large suspended mat- 
ter in raw water, showed that greater part of 
all suspended matter removed by micro- 
straining, except on days when water highly 
colored. Further series of tests using chem. 
treatment with object of flocculating sus- 
pended matter, including color, undertaken. 
\vg. reduction of floc and suspended matter 
nearly 80%, and color reduction excellent. 
Found that everything depended on phys. 
state of floc. Because of bulk of floc, deemed 
essential to have relatively high speed of drum 
rotation to avoid blocking of cloth. Results 
obtained from small-scale tests warrant initia- 
tion of full-scale expts. Micro-straining may 
be considered for: (1) peat-stained waters in 
conjunction with flocculation treatment; (2) 
silt-carrying waters with or without floccula- 
tion; (3) relatively pure natural waters for 
which, if straining necessary at all, finest pos- 
sible deg. of straining obviously desirable. 
Examn. of debris removed by fine-mesh 
strainers shows that extraordinarily high no. 
of particles small enough to have passed 
through mesh removed from water. Action 
can be explained by effect of partial clogging 
which arrests smaller particles. Effect ap- 
pears to be greater the finer the mesh. Very 
large proportion of plankton of such size and 
shape that they are readily removed from wa- 
ter by straining fabric with 20 u apertures. 
Bacteria cannot be removed by straining un- 
less floc present in water.—H. E. Babbitt. 


Pressure Filtration Practice. ANON. Wer. 
& Wtr. Eng. (Br.) 45: 129 (Oct. '42). Works 
comprise one large and two small pressure 
filter plants. Supplies drawn from impound- 
ing reservoirs on peat-covered moorlands 
which form watershed. Waters supplied to 
stations B and C similar in summer, but differ 
in winter. Filtered water from stations A and 
B pass directly into distr. system. Station C 
delivers water into clear-water basin. All 
three stations receive acid waters with pH 
ranging from 3.1 to 6.0. At B and C 
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weak soln. of aluminum sulfate in specific 
quants. pumped into inlet to filters. Coagu- 
lant at A aluminum sulfate and soda-ash soln. 
Slaked lime used at B and C to complete 
coagulation of aluminum sulfate. Lime pre- 
ferable, as soda-ash may impart slightly “‘flat”’ 
taste to water. Chief disadvantage to use of 
lime is sparing soly. Small excess of lime, 
over requirements, desirable. Accumulates 
slowly and de-sludging of saturators need be 
done only at long intervals. At stations A 
and B, filters discharge directly into mains, but 
ratio of max. to min. flow at A is 45 : 1 and at 
B rarely exceeds 3:1. Wide variations at 
A required installation of reciprocating piston 
meter which, by means of link motion drives 
chem. pumps, which operate at speeds pro- 
portional to rate of flow. Difficulties arising 
from incorrect chem. dosage more frequent 
and have greater effect on qual. of filtrate 
than those resulting from defects in filter 
design. At all three stations, air wash used. 
Some sand lost from all filters, both in wash 
water and in filtrate. At one station, hand- 
holes fitted at bottom of each filter at level 
of concrete bed. These have proved valuable 
for easy removal of filtering media. Opt. pH 
value at which filtration takes place is approx. 
6.0. Additional alkali required to prevent 
plumbosolvency in filtered water. Sufficient 
alkali, therefore, added to bring pH up to 
approx. 8.5. All filtered water sterilized by 
chlorination. Chloramination necessary at C 
to maint. residual chlorine content throughout 
open service reservoir. Difficulties of wide 
variation in rate of flow at A overcome by 
mixing sodium hypochlorite with sodium car- 
bonate injected after filtration; efficient ster- 
ilization thereby achieved. In times of little 
rainfall, gradual accumulation of soot and 
dust on concrete slopes of reservoir washed 
into reservoir by next heavy rainfall dete- 
riorating bact. qual. of water in reservoir. 
Roofing had to be postponed because of war. 
Records maintd. at works include: meter 
readings and consumption records; chem. dos- 
ages and chlorination; mech. data; and chem. 
and bact. results. Certain field tests carried 
out by operators include pH and free alumina. 
Necessity for frequent checking and calibra- 
tion of meters cannot be too strongly empha- 
sized. Semi-annual examn. of elec. and mech. 
plant has proved good investment. Experi- 
ence shows that heating of main hall, where 
7 mgd. (Imp.) passing hardly worth while. 
Cheaper to provide attendants with coats and 
gloves. Insistence on high std. of cleanliness 
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of great value. Discussion. Ibid. 46: 68 
(Feb. ’43). S. G. BARRETT: How do authors 
relate color reduction? Is it by noting reduc- 
tion of, say, orange or yellow alone, or of both 
together? Many, if not most, water under- 
takings use Hazen scale of color values. Have 
authors considered making proposed new 
basin into coagulating basin? Plant with co- 
agulating basin will function almost precisely 
as rapid gravity filters, now beginning to re- 
ceive general approval in this country after 
almost exclusive use for many years in U.S. 
24-hr. supervision of pressure filters surely not 
universally applicable. Authors to be envied 
in being able to create chloramine which will 
persist for 3 days in open reservoir and can, 
apparently without complaint, re-treat inlet 
water to open reservoir with 0.6 ppm. chlorine 
after initial dose. ALAN BOoTHMAN: Clear 
water reservoirs necessary feature of slow sand 
filtration, but, where initial head on filters 
must be retained, choice in first instance may 
be pressure filters. Is there any reappearance 
of color in filtrate where lime used both prior 
to and after filtration? Lime seems to neu- 
tralize only certain of peat and humic acids. 
Writer obtained better results with soda ash 
prior to filtration and lime as final corrector: 
Undoubtedly double coagulation provides 
answer to heavily discolored water as also for 
waters contg. large quants. of suspended 
matter. Author's Reply: Color reduction prac- 
tically complete. Hazen scale used in addn. 
to Lovibond scale. Sedimentation tank being 
designed with view to using some form of pre- 
coagulation. Site conditions alone precluded 
used of rapid gravity filters. 24-hr. super- 
vision of filter plants feeding direct into mains 
depends on local circumstances. Any un- 


6.0 exceeded, color not completely removed 
_ and if pH becomes excessive, color may even 
be dissolved from filters resulting in filtered 
_ water worse in color than unfiltered. Ideal 
treatment for prevention of corrosion of filter 
a, shells still being sought. Avg. wash water at 
4 Station B is 1%. Disposed of by sewer dept. 


at £6 per mil.gal. (Imp.).—H. E. Babbitt. 


_ Substances in Experimental Slow Sand Fil- 
ters. J. Mitt. Med. Akad. Kioto 
ed (Jap.) 28: 991 (’40); Zbl. Ges. Hyg. (Ger.) 47: 

— (40). Action of slime forming in surface 


a layer of slow sand filters generally received 
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most attention and action of deeper layers of 
sand neglected. Tests show org. substances 
filtered out even in lower layers of sand. 
Sugar and carbohydrates retained to rela- 
tively great extent at depths between 60 and 
100 cm. Nitrogenous substances also re- 
tained in lower layers of sand. Of substances 
tried, urea least well retained. Oil-water 
emulsion chiefly filtered out in upper layers.— 
W.P.R. 


Filter Wash Water Troughs and Manifolds. 
Arc-Welded Construction. ANON. Wtr. & 
Wtr. Eng. (Br.) 45: 140 (Oct. ’42). Use of 
welded steel tanks used only once for filter 
box. Great saving in material and labor costs 
effected by use of welded steel pipe. Saving 
in space resulted in use of smaller bldg. 
Manifolds designed of electrically welded 
steel. Manifolds consisted of 12-gage plate 
bent to shape, with ends and bottom of sides 
flanged to fasten to wood tanks. 32 1” 
pieces of 24’’ std. thread steel pipe welded to 
sides of manifold. C-i. laterals calked into 
these sockets with ‘Hydrotite.’"’ Welded 
manifold cost £8 10s., while cost of c-i. would 
be £12 10s. Writer favors deep round-bot- 
tom wash water trough of variable section, 
fabricated of steel plate. Deep round-bottom 
trough parts water smoothly and without de- 
flection at such depth that water reaches 
streamline flow before reaching surface. 
Thus, transport of sediment unimpaired. 
Concrete troughs objectionable because of 
undesirable shape, rough workmanship and 
thickness causing needless obstruction in flow 
area. Arc-welded steel filter plants could be 
built for about £8750 per mil.gal. (Imp.). 
Most efficient hydr. properties thereby ob- 
tained.—H. E. Babbitt. 


Chemical Removal of Salts From Water 
With Activated Carbon. A.A. Kort. Teplo- 
Silovoe Khoz. (U.S.S.R.) No. 8: 19 ('39); 
Khim. Referat. Zhur. (U.S.S.R.) No. 2: 97. 
(40). Removal of salts by combination of 
H permutit and activated C produces water 
similar to turbine condensates and evaporator 
distillates. Water must be filtered twice 
(through H permutit and activated C) if it is 
high in Na salts. Commercial activated C 
can be used for adsorbing anions of mineral 
acids and salts. C can be regenerated with 
NaOH, Na2zCO; and NaHCO; solns. Re- 
generation of C with NaHCO; reduces amt. 
of wash water needed and is more economical 
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_Taste and Control in Public Water Supplies. 
A. H. Burn. Eng. Cont. Rec. 55: 15: 42 
15, '42). Excellent review and discus- 
sion of methods for preventing and removing 
taste and odor. Best method for any particu- 
lar situation can be detd. only by expt. Pre- 
ventive measures include reduction of org. 
matter by draining swamp areas discharging 
into reservoirs, elimn. of small ponds and shal- 
low areas which encourage growth of micro- 
organisms, controlling algae by CuSO, addn., 
preventing decompn. of sludge in settling 
basins and slime in filters by pre-chlorination, 
with or without NH; addn., or addn. of acti- 
vated C, and careful control of residual Cl. 
Methods of removal include aeration, super- 
chlorination, break-point chlorination, acti- 
vated C filtration and addn. of powd. activated 
C. De-chlorination may be effected with SOs, 
Na2S2O03, NaHSOs, catarsit (neutral CaSO;) 
or filtration through granular activated C or 
scrap Mg.—R. E Thompson. 


Ozone as a Water Purifier in America. 
Anon. The Engineer (Br.) 173: 541 (June 
26, '42). For long while America trailed be- 
hind Europe because it lacked efficient app. of 
suitable capac. for ozonation. Cost of elec. 
current did not encourage commercial adop- 
tion of ozone process for any considerable vol. 
of water treatment. Interesting example of 
successful use of ozone at Denver, Pa., pop. 
2100. Plant had rated capac. of 5 Ib. ozone 
daily, and is made up of: air-condg. app., 
ozonator and ozonizer. In ozonator, dry 
compressed air passed through silent blue 
corona discharge between electrodes. In 
ozonizer, ozonized air contg. about 0.5% ozone 
introduced into falling water. At Whiting, 
Ind., because of effectiveness of performance 
of pilot plant, city installed, in ’39, ozone- 
generating equip. capable of producing 50 Ib. 
of ozone daily. In Europe, prevailing prac- 
tice is first to filter water, as at Denver, Pa., 
then to employ ozone; but at Whiting, be- 
cause of high oxidizing characteristics of ozone, 
it was added to raw water on theory that much 
of odor and taste could be ‘‘cold-burned,”’ 
thus increasing effectiveness of filters. In- 
troduction of ozone gave saving in alum, 
chlorine, and ammonia of $2.56 per day for 
each mil.gal. water treated. Philadelphia 
now operating test plant at Lower Roxbor- 
ough filter plant, costing $25,000, with capac. 
of 1 me —H.E. Babbitt. 
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Super-Chlorination Experiments With Bue- 
nos Aires City Water. DANIEL J. BENGOLEA 
& Raut Ferramova. Bol. Obras Sanit. 
Nacion (Arg.) 10: 20 (July 42). Operating 
results at Palermo Water Treatment Plant 
have verified previous lab. findings as to ef- 
fectiveness of super-chlorination for removal 
of odors from La Plata R. water. Ordinarily, 
break-point can be obtained with 1 ppm. Cl 
dose. Because of low content of nitrogenous 
substances in river water, characteristic break- 
point not always noticeable in chlorine de- 
mand curves. Super-chlorination of water 
leaving settling basins has resulted in 40% re- 
duction in odor, elimn. of anaerobic sporu-— 
lated organisms from distr. system water and 
discontinuation of periodic filter disinfection _ a 
formerly necessary during summer months to ae 
prevent excessive development of 
growths.—J. M. Sanchis. 


Activated Carbon as a Byproduct. 
Food Indus. 14: 111 (July 42). (Digest from 
“Activated Carbon From Certain Agricul- 
tural Wastes” by T. R. McELHtnney, B. M. 
BECKER AND P. B. Jacoss. Iowa State Col- 
lege Jour. of Science 16: 227 (’42).) Acti- 
vated carbon (C) can be produced from oat a 
and rice hulls, pecan shells, corncobs and other 
waste materials. Such C’s compare favor- 
ably with commercial active C’s in power to 
remove objectionable tastes and odors, as in- 
dicated by tests with potable waters. Pecan 
shell C especially active; oat hullsandcorncob 
C’s also relatively high. In deodorization — 


cial C’s. Active C dose slightly > 1 gpg. in _ 
water strongly scented with aldol. With pe- _ 
can shells worth $2.25 per ton delivered, and = se 
distn. cost covered by value of volatile prod- Bi ie, 
ucts, C therefrom could be produced, activated 
and marketed for approx. $40 per ton, pri- Ce 
mary charcoal yield being 27% and activation : 

loss 50%.—Ralph E. Noble. 


Activated Carbon From Hydrocarbons and as 
Chlorine. G. W. STRATTON & D. E. WINKLER. 
Ind. Eng. Chem. 34: 603 (May °42). Acti. 
vated C produced by burning hydrocarbons © 
and chlorine, and activating by heating at — 
1000°C. for 90 min. Detn. of iodine, phenol, 
color and gas adsorption showed new product se 
to be superior in many respects to the vari- 
ous commercial varieties currently being — 
mfrd.—Selma Gottlieb. 
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Color Removing Clays and Their Activa- 
tion. YVONNE Inst. Nacional 
de Tecnologia (Brazil) Bul. No. 70 (’41). De- 
scribes work done at I.N.T. labs. for purpose 
of evaluating effectiveness of Brazilian clays 
for decolorizing vegetable oils and to det. 
_ possibility of inc reasing their eff. by activa- 
tion. Theory of color removal by adsorption 
and effect which phys. and chem. factors have 
_ upon eff. of decolorization processes discussed. 
7 Decolorization of oils may be obtained by 
filtration through layer of active material or 
by contact process. Contact process ordi- 
. aly used because of its dependability and 
ease of control. Type of clay used, deg. of 
fineness, amt. added, manner of adding it, 
speed of agitation and time of contact in- 
fluence | results by contact process. Since 
wa -_decolorizing power of clays depends on their 
: phys. and chem. characteristics as well as on 
th of oil treated and of pigment to be re- 
moved, necessary to det. decolorizing effec- 
tiveness by actual test. Decolorizing power 
of natural clays best tested with cottonseed 
= = For comparison of activated clays, 
linseed oil found better adapted. Activated 
clays have greater color removal capac. than 
natural clays. Expts. made to det. possi- 


How to Handle the Algae Problem. A. E. 
Berry. Can. Engr.—Wtr. & Sew. 80: 9: 17 
(Sept. ’42). In addn. to causing taste and 
odor and reducing filter runs, algae cause 
nuisance when masses decompose in shallow 
bays and on beaches. Methods of control 
include chlorination, copper sulfate treatment, 
exclusion of sunlight and “‘blacking out” with 
activated C. Arsenic should not be used in 
domestic supplies, but may be applied in cer- 
tain other circumstances. Copper sulfate 
dosage usually 4-8 lb. per mil.gal. Nocontrol 
measure cure-all and none can be regarded as 
exceptionally effective. Best to prevent 
growth if feasible. Fortunately, interference 
with filter runs usually occurs for only 2-3 wk. 
in any yr. Accumulation of heavy masses of 
algae and their decompn. in shallow areas 
along shore frequent source of nuisance. 
More prevalent in Ont. in ’42. than for some 
time past. Odor from material highly offen- 
sive and occurs at times when use of beaches 
at max. Appearance of decomposed material 
not unlike that of sewage sludge. As result, 


generally associated in mind of layman with 
inadequate sewage disposal. 


In Ont. 2 kinds 
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bility of activation of clays by acid treatment 
have shown that activation better accom- 
plished with strong acids. Optimum acid 
concn. varies widely with type of material 
being activated. Optimum can only be detd. 
by comparing decolorizing power of materials 
prepd. by treatment with different acid 
concns. Hydrochloric acid best for activa- 
tion, but sulfuric acid usually employed 
because of low cost. In some cases of sul- 
furic acid activation, has been possible to 
obtain aluminum sulfate as by-product. De- 
posits of decolorizing clays so far discovered in 
Brazil not large, most important being those 
in Sao Paulo and in Paraiba do Norte. Be- 
cause of importance of these clays in develop- 
ment of vegetable oil industry, systematic 
search being made to find new deposits. Of 
5 different types of new clays examd., only 1 
appears to have econ. importance. Although 
true that imported clays (Fuller’s earths) 
superior to those found in Brazil, local prod- 
ucts offer advantage of economy and often 
preferable as admixtures to activated carbon 
in refining of some vegetable oil products. 
Procedures for detn. of phys. and chem. 
properties of natural and activated clays out- 
lined.—J. M. Sanchis. 


of algae connected with these nuisance condi- 
tions—Cladophora and Anabaena—former be- 
ing much more prevalent. Cladophora has 
tendency to grow, attached to stones or rocks 
and reaching to surface, in water up to 4-5’ 
deep. When alive, growths quite green and 
free from odor, but become detached by wind 
and wave action and accumulate and decom- 
pose in quiet shallow areas. Growths fre- 
quently occur near outlet of creeks or where 
there is sewage or other org. matter present, 
although this does not appear essential. Dur- 
ing decompn., bright green color turns to gray 
and finally to black. When broken, texture 
of decomposed mass not unlike that of sewage 
sludge. Nuisance occurs in cycles, i.e., heavy 
growth for few yr. followed by entire freedom 
for some yr. Most effective control measure 
removal of growths as they are washed ashore. 
Fresh growth dries out quickly and does not 
give rise to odors. Application of chems. 
would probably not be effective owing to dis- 
persion. Responsibility for control measures 
is problem. Some reason to believe that 
removal should be undertaken by property 
owner and that local municipality should 


ty 
me. 
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exercise sufficient supervision to ensure that 
this takes place. Bed of Navigable Waters 
Act in Ont. amended in '40 to provide that, 
where land stated to be bounded by navigable 
body of water, boundary will be deemed to be 
high water mark. This point defined as level 
which has been held long enough to leave 
watermark along bank, and may be fixed, if 
necessary, by Minister of Lands and Forests. 
In general, algae not poisonous. Some people 
may be allergic to certain growths when in 
contact with skin, but this not common. I[n- 
stances of poisoning of cattle recorded. At 
Fraser Lake, Ont., some yr. ago, about 20 
cattle and some other animals died after drink- 
ing water in which heavy growth of Anabaena 
undergoing decompn. In this instance, entire 
lake had pronounced pea-green color. ‘‘Pea- 
soup” appearance and ‘‘pig-pen” odor charac- 
teristic of heavy growths of Anabaena.—R. E. 
Thompson. 


Russian Experiences in Controlling the De- 
velopment of Plants in Water. V. A. LENsKI, 
P. A. DorFMAN & B. M. JASNov. Vodos. 
Sanit. Tekh. (U.S.S.R.) 15: 2/3: 16; 12: 35 
(40); 16: 1: 15 (’41); Gesundh. Ing. (Ger.) 
64: 533 (’41). Investigations on control of 
development of plants in water, by Russian 
Federal Institute for Water Supply, Sew., 
Water Works & Water Eng. discussed. 
Methods of reducing development of water 
plants in reservoirs, etc., include frequent 
cleaning of bottom, removal of all plants and 
roots from land before flooding, drainage of 
surrounding land to avoid development of 
plants in shallow pools, cleaning of banks and 
avoidance of agric. use of surrounding land. 
Growths of surface phytoplankton can be 
killed by applications of solns. of chloride of 
lime, liquid chlorine or copper sulfate. Cop- 
per sulfate can be enclosed in sack and sus- 
pended in water, but this method gives uneven 
distr. of copper in water. By spraying powd. 
copper sulfate over surface of water from boat 
or from aircraft, even distr. assured and 
plankton, most of which occurs to depth of 1 
to 1.5 m. or, during strong winds, to depth 
of 2-2.5 m., attacked. By spraying 0.2 or 0.5 
g. of copper sulfate per cu.m. of water (estd. 
from total quant. of water or from vol. of 
treated surface layer of water resp.) growths 
of Microcystis, Anabaena, and Coelosphaerium 
destroyed within 3 days and transparency of 
water increased from 12-15 cm. to 1.5-2 m. 
Types of app. used in Russia for spraying 
copper sulfate described.—W.P.R. 
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A Method of Maintaining the Proper Copper — 
Concentration in the Treatment of Water. — 
O. R. SWEENEY & O. G. Fire. Proc. Iowa 
Acad. Sci. 48: 259 (’41). When excess of — 
satd. soln. of copper sulfate added, with 
stirring, to sodium silicate, light blue ppt. of _ 
copper silicate compd. formed, which settled | 
readily and much less soluble than metallic — 
copper. After contact with metallic copper — 
for 72 hr. or longer, water will contain suffi- 
cient soluble copper to kill almost any alga; 
if lower concns. of copper required under same | 
conditions, copper silicate can be used instead _ 
of metallic copper. After contact for 1 hr. 
with copper silicate, water will contain 0.25 
ppm. soluble copper; in this concn. copper 
toxic to many algae and to trout, carp and 
catfish, but not toxic to such fish as perch, 
sunfish and black bass. Lower concns. of 
copper may be sufficient to prevent growth of 
many algae though insufficient to kill vigor- 
ously growing algae. As most algae do not 
grow readily in running water, less copper 
should be necessary in running water than in 
still water. By allowing water to flow over 
copper or copper silicate as it passes into stor- 
age reservoir, may be possible to control amt. 
of copper in water; by this method concn. of 
copper would vary with rate of flow. As 
water contg. less than 20 ppm. copper con- 
sidered harmless to human beings, water 
treated in this way potable.—C.A. 


Stream Ecology and Available Food. 
LEONARD [. Katzin. (Published in abstract 
only.) J. Bact. 44: 147 (July ’42). Study of 
prin. Ohio R. streams shows certain differences 
between streams and between portions of same 
streams, in protozoan, algal plankton and fish 
pops. Other conditions equal, differences 
closely related to amts. of food available to 
plankton as function of amt. of org. material 
introduced into stream naturally or through 
man’s direct agency. In gen., then, great 
differences between streams of this basin re- 
flect differences in amt. of org. fertilizer avail- 
able. Plankton types differentiated as: (1) 
highly resistant ‘‘thrifty”’ group, able to with- 
stand low temps. and extremes of low food 
levels; (2) group needing high level of food, 
usually or often org., and more limited range 
of temp. tolerance (in gen. group of forms 
multiplying rapidly under extremely favorable 
conditions, but of poor resistance); (3) wide 
group intermediate between these. First 
group tends toward wide occurrence through- 
out Ohio basin. Second, less commonly 
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found, then only during warm summer 
‘ Lil months. 5 zones characterized in terms of 
% org. content, pH, D.O., protozoan and algal 
plankton, and fish pop., ranging from grossly 
pold. regions to those essentially sterile and 
barren. On this basis, distr. of forms found 
becomes understandable.—Ralph E. Noble. 


biology. Wirt1aAmM H. Weston. Univ. of 
Wis. Symposium Hydrobiol. (41). p. 129. 
Most of aquatic fungi are Phycomycetes, al- 
though few others, such as Penicillium, Sporo- 
clema and Loramyces, also aquatic. These 
water-dwelling forms abundant and wide- 
spread, tolerating wide environmental range. 
Commonly reproduce by active swimming 
cells which are small flagellates. One series 
has single flagellum, usually at posterior end 
and one series, pair of flagella, commonly la- 
- teral. Fungi also produce sporangia and can 
thus survive drying or unfavorable conditions. 
Abundance and wide tolerance makes them 
important in cycle of elements in nature. 
They are saprophytes and decompose most 
complex org. matters in direct competition 
with bacteria. Some few attack lignin, chitin 
and even siliceous shells of diatoms. Pectins, 
hemicelluloses and cellulose widely attacked, 
12 genera being named as known to possess 
these powers. As parasites they frequently 
attack plankton (Chlamydomonads, diatoms) 
and may even terminate “blooms” of plankton 
in ponds or lakes. Rice seedling sometimes 
- subject to destructive attack. European 
- crayfish industry almost destroyed by aquatic 
= 1878-1922, though by latter year, in- 


tensity greatly diminished. Some remarkable 

adaptations for actually capturing rotifers, 
attacking eggs of copepods and other mecha- 
nisms described. Fish parasitism by water 
molds especially noted. Eggs in hatcheries 
attacked and injured adults readily parasit- 
ized—in one instance destroying 50% of brook 
trout fry in hatchery. Excellent biblio.— 
P.H.E.A. 


A Contribution on the Toxicity of Algae. 
R. E. WHEELER. U.S. Pub. Health Rpts. 
57: 1695 (Nov. 6, '42). Freshly collected 
Microcystis aeroginosa found somewhat toxic 
for mice and guinea pigs, when given par- 
enterally, but slightly, if at all, toxic when 
given by mouth. Frozen, or frozen and vac- 
uum-dried, above species much more toxic 
than freshly collected material for mice and 
guinea pigs. Lait substance withstood auto- 


818 JOURNAL—AMERICAN WATER WORKS ASSOCIATION Pol. 35 


claving only in neutral soln.; dialyzable, solu- 
ble in alc. Survives lab. equiv. of water purif. 
process—alum coag., chlorination and filtra- 
tion. Adsorbed upon carbon only when used 
in comparatively large amts. 3 other blue- 
green algae nontoxic to mice.—Ralph E., 
Noble. 


Photosynthesis of Algae and Other Aquatic 
Plants. Gro. O. Burr. Univ. of Wis. Sym- 
posium MHydrobiol. (’41). p. 163. Sub- 
merged plants adapted to low light intensities 
but not to low COs. During day and in 
shallow water CO: tension limiting factor in 
photosynthesis. Solute concn. and temp. 
also affect photosynthetic mechanism.—C.A. 


Studies on Nitrogen Fixation by Blue- 
Green Algae. G. E. Focc. J. Exptl. Biol. 
19: 78 (’42). N fixation by Anabaena cylin- 
drica does not take place in presence of suffi- 
cient amt. of readily available combined N. 
Cultures of Anabaena set up in medium contg. 
nitrate (KNO;) and samples of 3, chosen at 
random, anald. at intervals. N in alga, total 
N in medium and amt. of nitrate remaining 
detd. As N in alga increases, corresponding 
decrease in nitrate N. Extracellular N, other 
than nitrate, increases as cultures grow older, 
amtg. to about 14% of total N after 50 days. 
Total N remains roughly const. until nitrate 
nearly exhausted. Shows that N fixation 
does not take place in presence of this form of 
combined N. N fixation takes place from 
40 to 50 days, by which time N in medium has 
dropped to about 4 ppm. NH,ClI used as 
source of N gave comparable results.—C.A. 


Fixation of Silica by Diatoms. Paut S. 
ConGER. Univ. of Wis. Symposium Hydro- 
biol. (’41). p. 395. Neutral or slightly alk. 
waters show higher SiO. content and fre- 
quently have much higher diatom produc- 
tivity and richer diatomaceous sediments. 
Silica fixation by diatoms essentially irre- 
versible.—C.A. 


Fluctuations in the Number of Cells per 
Colony of the Diatom Asterionella formosa. 
A. C. GARDNER. Proc. Linnean Soc. (Br.) 
153: 160 (41). A. formosa from 3 London 
reservoirs shows decrease in no. of cells per 
colony during any period of rapid growth. At 
start of period of growth, colonies with 8-16 
cells common and, later, mean no. of cells per 


may to 2.1.—C.A. 
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Biological Studies, Ohio River Pollution 
Survey. FLoyp J. BRINLEY. Sew. Wks. J. 
14: 151 (Jan. '42). I. Biological Zones in a 
Polluted Stream: Pold. stream divided into 5 
zones according to plankton and fish pop: 
(1) Region of high bact. action, D.O. not over 
3 ppm., plankton variable but principally 
ciliated protozoa (Class I1). Carp and buf- 
falo only fish found in region. (2) D.O. be- 
tween 3and 5 ppm. Plankton higher than in 
(1) with increased chlorophyll-bearing flagel- 
lates, although still composed largely of Class 
II organisms. Blue-green algae abundant. 
(3) D.O. above 5 ppm., often supersatd. in 
daytime, subject to diurnal variation. Plank- 
ton over 1 ppm., usually several, largely 
intermediate group Chlorophyceae. Fish va- 
ried and abundant; suckers, sheepshead, cat- 
fish, other market fish. (4) D.O. above 5 
ppm., approxg. satn. Plankton between 0.3 
and 1 ppm., Class II forms scarce. Game and 
forage fish predominate. (5) D.O. near satn. 
Plankton less than 1 ppm., almost entirely 
Chrysococcus, Cryptomonas and diatoms (Class 
I). Fish scarce, compared with (4), mainly 
game. II. Plankton Algae as Indicators of 
the Sanitary Condition of a Stream: Compared 
pop. of certain plankton algae species with 
chem. and bact. indices of deg. of org. poln. 
in flowing stream. Presence of Chrysococcus 
and Cryptomonas in large nos. indicate de- 
compn. of org. matter in stream completed by 
natural processes, and stream considered 
clean. Does not imply, however, that water 
(without treatment) suitable for domestic use. 
Presence of Euglena, Trachelomonas and Pha- 
cotus in large nos. indicates particular vol. of 
water heavily pold. by org. matter farther up- 
stream and that bact. action reduced org. 
matter to available plant food, producing rich 
medium. Plankton pop. gives better picture 
of past history of certain vol. of water than 
does san. condition of stream at any definite 
location.—Ralph E. Noble. 


Distribution of Stream Plankton in the 
Ohio River System. FLoyp J. BRINLEY & 
LEONARD J. Katzin. Am. Midland Natural- 
ist 27: 177 (Jan. ’42). Report based on 1400 
samples collected from most of major water- 
sheds of Ohio basin during '’39-’40. Most 
taken in 250-ml. wide-mouth bottles from 
stream and preserved with 5 to 8 ml. of form- 
alin. In gen., species found, widely dis- 
tributed over entire basin. No. of individuals 
and species increases with warm weather 

Excep- 
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tion, Ohio R., where reverse change occurs, _ 
Important 


largely due to diatoms in spring. 
factor, sharp drop or gradual fall in temp. to 
10°C. or less, causing large portion of plankton 
to vanish. In gen., Cryptophyceae and 
Chrysophyceae less affected by temp. than 
other forms. These, therefore, considered 
typical cold weather plankton. Certain 
variations introduced by seasonal change in 


environmental factors termed “‘pseudo-sea- __ 


sonal’’; e.g., upper Ohio R. may show seasonal 
progressive change of plankton. Chem. data 


indicate possibly due to progressively increas- 


ing acidity from mine drainage and indus. 
poln. with penetration of this acid condition 
downstream as flow vol. drops off and summer 
approaches. 
org. poln. contains largest no. of species and 
individuals probably associated with available 
food. In bact. decompn. of wastes, series of 
compds. formed which may satisfy nutritional 
requirements of different organisms in rota- 
tion, providing greater variety of ecological 
niches than in unpold. stream, and allowing 
appearance of forms not developing under 
more limited conditions. Differences be- 
tween northern and southern streams based 
on higher org. and inorg. food content in 
northern soils, supporting heavier plankton 
pops. even in unpold. reaches, and upon dif- 
ferences in seasonal cycles of temp. and 
weather. Northern streams subjected to 
winter conditions adverse for plankton growth, 
conserving food materials until rising temps. 
in spring and melting snow and ice accom- 
panying initiate spring pulse of plankton often 
noted. Plankton group consisting of Chryso- 
phyceae, Cryptophyceae and Bacillarieae 
found under most varied conditions of temp., 
food concen. and acidity. Resistant or 
“thrifty” group formed of Euglena, Phacus, 
Lepocinclis, some Myxophyceae, many Pro- 
tozoa, depend upon rich food supply largely 
org. matter and bacteria. Chlorophyceae 
represents group intermediate in needs and 
resistance between first two. Complexes of 
members of second group with large nos. and 
variety of members of intermediate and 
thrifty groups clearly indicate nearby org. 
poln. Thrifty group represented in practi- 
cally all waters and dominates in clean and 
impoverished water.—Ralph E. Noble. 


The Plankton Algae and Protozoa of Two 
Tennessee Rivers. JAMES B. LAcKEy. Am. 


Midland Naturalist 27: 191 (Jan. ’42). In 
’39, author surveyed plankton of Cumberland 


Stream receiving largest amt. of | 
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and Duck R. in Tenn., examg. 18 fresh sam- 
ples after centrifugation and 48 preserved 
samples after settling and decantation. 
Plankton groups described in detail. Stream 
plankton, unlike that of lake, not likely to 
indicate clearly condition of water at point of 
occurrence. If entering substances modify 
condition greatly, immediate deleterious effect 
apparent. Otherwise, favors production, in- 
creases nos. found downstream according to 
flow rate and still areas. Difficult to judge 
nature of stream from plankton content unless 
biochem.-phys. characteristics well known. 
Even then, production factors may be missed. 
Practically nothing known of phosphorus- 
plankton relationship in streams. In Cum- 
berland, 200 Cryptophyceae and 186 Chryso- 
coccus rufescens per ml. found at Nashville, 
where poln. pronounced. Within few mi. be- 
low, marked drop to 4 and 20 per ml. resp. 
Highest nos., 340 and 400 resp., counted 60 mi. 
below where river again fairly pure. Thus, 2 
flagellated groups behaved similarly in Cum- 
berland and Scioto R. In Duck R., however, 
they gave little information. Incidence of 
other forms discussed in possible relation to 
specific wastes. Effect of canalization con- 
sidered. Pandorina considered poln. indi- 
cator when occurring in large nos. River 
plankton studies should cover considerable 
time and space if river to be classified. Little 
doubt that sewage, treated or raw, fertilizes 
river for distance detd. by amt. of sewage and 
speed of current. Sufficient fertilizing mate- 
rial would make classification involve amt. of 
plankton due to sewage rather than geol. and 
geog. features. In Duck R., probably dealing 
with “natural’’ plankton; in Cumberland, one 
profoundly modified by man-made contribu- 
tions.—Ralph E. Noble. 


Plankton Production in Relation to Charac- 
ter of Water in the Open Pacific. HEBERT 
W. GrauamM. J. Marine Research 4: 189 
(41). Total plankton production in open 
Pacific greater between latitudes 20°N. and 
11°S. than between latitudes 20°N. and 34°N. 
(Sept.-Nov. ’29). High plankton and phos- 
phate contents occurred with vertical circula- 
tion; not functions of latitude.—C.A. 


The Effects of Distillery Wastes and Waters 
on the Microscopic Flora and Fauna of a 
Small Creek. James B. Lackey. U-S. Pub. 
Health Rpts. 57: 253 (Feb. 20, 42). Intro- 
duction of distillery wastes into creek may 


effect drastic changes in temp., D.O., B.O.D., 
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bact. pop., chem. content (particularly phos- 
phate increase) and tend to reduce plankton 
content. Some forms tolerant of distillery 
wastes, at least short distance, provided 
wastes not too concd. or do not raise temp. too 
greatly. Group favoring water of high org. 
content and another favoring oxygen-depleted 
water partly replaces normal stream plankton. 
3 algae (Chlorobrachis gracillma, Chloroganium 
euchlora, and Chlamydobotrys spp.) and 2 
protozoa (Oxytricha, probably chlorelligera 
and a Spathidium resembling viride) found 
for some time in relative abundance in these 
waste waters, although author never encoun- 
tered them in abundance elsewhere. Whether 
these 5 characteristic of distillery wastes detd. 
only by studying other similarly pold. streams. 
—Ralph E. Noble. 


Oxygen Production in Green Algae in the 
Absence of Carbon Dioxide. C.S. FAN & W. 
W. UmBreit. (Published in abstract only.) 
J. Bact. 45: 13 (Jan. '43). Illuminated chlor- 
ella suspensions capable of producing Oz in 
absence of CO. when supplied with certain 
other reducible materials, e.g., acetaldehyde, 
benzaldehyde, urea nitrate, parabanic acid 
and ferric salts. Benzaldehyde studied in 
detail. Under proper conditions, for each 2 
benzaldehyde molecules supplied, one O2 mole- 
cule produced. Exptly. CO. apparently not 
an intermediate in this process. Data, there- 
fore, constitute exptl. separation of reactions 
involved in O, production in photosynthesis 
from those concerned with COs: fixation.— 


Ralph E. Noble. 


Use of Complete Fertilizers in Cultivation 
of Micro-organisms. Victor L. LOOSANOFF 
& JAMES B. ENGLE. Science 95: 488 (May 8, 
42). Exptl. work may require large quants. 
of culture contg. micro-organisms, e.g., recent 
oyster feeding study required 90 gal. daily for 
several wk. of culture rich in plankton. 
Earlier workers found, upon addn. of fertilizers 
to small bodies of fresh water, phytoplankton 
increased significantly; followed, in turn, 
by prolific growth of zooplankton. Authors 
used complete fertilizers designated by form- 
ulas 5-3-5 and 6-3-6 indicating percentages 
of nitrogen, phosphorus and potash compds. 
Medium containing 1 g./l. of fertilizer of fil- 
tered sea water always gave excellent results; 
better Nitzschia and Chlorella growth than 
with Miquel’s soln. Comparatively large 
quant. of fertilizer should be ground and 
needed amt. added to water, insuring relative 
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uniformity of samples. When very large 
quants. used, as in field expts., grinding un- 
necessary. Several thousand gal. exceedingly 
rich cultures of Chlorella, Nitzschia closterium 
and Prorocentrum triangulatum grown in large 
outdoor tanks. Chlorophyll-bearing and col- 
orless flagellates grew exceptionally well. 
Colpidium, Glaucoma and Paramecium (cili- 
ates) produced good cultures. Advantages of 
complete fertilizers for maintg. stock cultures 
in lab. and growing mass cultures in field are: 
(1) One-step method simple, consisting merely 


IMPOUNDING 


Annual Temperature and pH Fluctuation in 
Five Lakes of Northeastern Ohio. R. W. 
DexTER, E. R. SHILLinG & N. J. SANNER. 
Am. Midland Naturalist 28: 708 (Nov. ’42). 
Surface temp. and pH concn. in Rockwell, 
Brady, Stafford, Muzzy and Wingfoot Lakes 
in Portage County, Ohio, measured weekly 
from Nov. '37 to Nov. '38. Temps. recorded 
with ordinary mercury thermometer at 4” 
depth. pH concn. measured with colori- 
metric comparators. Samples taken at 5’’ 
to 6” depth with reversing bottle sampler. 
All 8 stations close to shoreline; most at end 
of small docks. All readings taken daily 
about same time. Weekly surface temp. 
records of 5 lakes studied in close agreement. 
Yearly avg., 12.1°C. Avg. for each, within 
0.7°, except Rockwell, with 10.8°C. All re- 
sponded readily and uniformly. Max. temp. 
28°C. on Aug. 9. 4 lakes avgd. 7.7 pH; 
Muzzy Lake, 7.1. Latter more acid, differing 
from others as much as 1.1. Avg. min. of 6.8 
on Dec. 20; return to annual mean by Apr. 22. 
Avg. max. of 8.3 reached June 8. Lakes fell 
within 6.5-8.5 range expected. Annual temp. 
and pH fluctuations correlated in lakes stud- 
ied. pH value changes seasonal probably due 
to different rates of photosynthesis in phyto- 
plankton and vascular plants. Photosyn- 
thetic activity during warm month reduces 
acidity. Philip ('27) showed daily changes 
correlated with weather and light intensity, 
greatest occurring on sunny days and at sun- 
down.—Ralph E. Noble. 


Scientific Studies and Chemical Treatment 
of the Madison Lakes. BERNARD Dowmo- 
GALLA. Univ. of Wis. Symposium Hydro- 
biol. (41). p. 303. Following conclusions 


drawn from wealth of scientific data collected 
on Madison, Wis., chain of lakes during past 
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of adding 1 g. or less to 1 |. of sea or fresh 
water. (2) Some constituents dissolve im- 
mediately, thus providing nutritive materials 
for newly started cultures. (3) Other com- 
ponents require time for conversion into 
utilizable substances. Because of such de- 
layed but continuous supply of nutritive ma- 
terials, cultures remain viable and active many 
months, eliminating frequent transfers for 
stock culture maint. (4) Economical, 1 Ib., 
costing 3 to 5¢, sufficient for nearly 500 1.— 
Ralph E. Noble. 


RESERVOIRS 


18 yr: (1) Spraying method for copper sul- 
fate and other chem. treatments found to be 
most effective and economical in keeping 
obnoxious algae or weeds under control. (2) 
Scientific studies carried on at same time that 
chem. treatments made show that zooplank- 
ton not seriously injured. (3) Chem. lake 
treatments applied to keep algae under control 
also kept saprolegnia under control. (4) 
Chem. spraying of beaches not only kept 
algae and bacteria under control but also 
“swimmer’s itch’? and fungous infections. 
(5) 18 yr. of scientific studies on lakes show 
that nitrogen compds., phosphorous, bicar- 
bonate and other factors tend to promote 
excessive growth of algae and large aquatic 
plants.—P.H.E.A. 


Toxic Effects of Sodium Pentachlorophenate 
and Other Chemicals on Water Hyacinth. 
A. A. Hirscu. Botan. Gaz. 103: 620 ('42). 
Concn. of 5 ppm. of Santobrite (Na penta- 
chlorophenate) recommended for retarding 
growth in areas where complete removal of 
water hyacinth not essential or in zones where 
other life to be preserved. 80 ppm. recom- 
mended for complete elimn. Neither Beno- 
clor 3, a chlorinated hydrocarbon, nor CuSo, 
sufficiently toxic.—C.A. 


The Limnological Role of the Higher Plants. 


Horcnukiss. Univ. of Wis. Sympo- 
sium Hydrobiol. (’41). p. 152. Many of 
higher plants represented in lakes, both as 


emergent rooted plants and as submerged, 
partly submerged or floating plants, some 
rooted, some not. Existence and abundance 
in lake depend on age of lake, depth, fluctua- 
tion of level, concn. of salts and nutrient mat- 
ter, temp. and other factors. Dispersal may 
be by seeds or em carried by animals, 
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birds or water; spreading by such methods as 
rhizomes or runners. Succession depends on 
a variety of environmental factors. Abun- 
dant growth tends toward elimn. of habitat by 
drying and filling lake and occasionally by 
hastening drying up of lake. They may in- 
crease D.O. or lower it. If latter, they fre- 
quently promote growth of anaerobic bac- 
teria, as Clostridium botulinum which kills 
ducks and other animals. Various plants also 
provide food and shelter for representatives of 
every major animal group. Ducks, muskrats 
and fish generally benefit greatly from them. 
Higher aquatic plants would probably prove 
much more valuable to man if studied from 
the ecological standpoint and given treatment 
as are land crops.—P.H.E.A. 


The Control of Water Chestnut Growths. 
Maxim LIEBER. W.W. & Sew. 89: 3: 95 
(Mar. '42). Water chestnut, Trapa Natans, 
appears on water surface as numerous rosettes 
of leaves, buoyed up by bulbs at base of each 
leaf. Nut is used as food in Orient but in this 
country unharvested falls to bottom after ma- 
turity, producing new plant following season. 
- On Potomac River near Fort Belvoir, Va., 
growth so thick sewage polluted water became 
stagnant, mosquito breeding areas formed and 
game fishing affected. Chem. treatment, ma- 
chine and hand cutting tried. Hockney cut- 
ter found most economical. Cut plants must 
be floated ashore and composted. Secondary 
growths must be eliminated second or third 
season for complete eradication. Chem. 
treatment unsuccessful because plants decom- 
posing in water deplete dissolved oxygen.— 
F. J. Maier. 


The Role of Oxidizing and Reducing Ions 
in the Development of Dichotomous Stratifi- 
cation in the pH in Lake Takasuka. KEN 
SUGAWARA. J. Chem. Soc. (Jap.) 62: 342 
(41). pH of water in Lake Takasuka, Sai- 
tama Prefecture, decreased from surface down 
to certain depth and then increased down to 
bottom. For example: pH was 7.0 at 2 m. 
depth, reached min. of 6.1 at 4 m. depth and 
increased to 6.9 at 5.75 m. This dichotomous 
stratification of pH detd. by 2 factors, excess 
of base and total CO: within layer contg. free 
O:. In bottom layer where no or little free 
CO: is present, third factor, ferric ions, along 
“Oe with above 2 factors influenced pH. Similar 
qe me stratification was found also in other lakes of 
:. greater or lesser depth.—C.A. 
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Field Studies on the Oxygen Requirements 
of Certain Freshwater Fishes. WALTER G 
Moore. Ecology 23: 319 (’42). From fiek 
studies made in Minn. lakes on delimitation 
of summer O thresholds, approx. lethal O 
concns. for 8 species of fish obtained. O ten- 
sions less than 3.5 ppm. at 15—26° fatal within 
24 hr. to most species tested, while O concns. 
of 5 ppm. and over nonlethal to all species 
tested. Similar data gathered on winter 
thresholds for 12 species showed that O ten- 
sions less than 2.0 ppm. at 0-4° fatal within 
48 hr. to most species tested, while tensions of 
1.0 ppm. or less fatal to all species, except 
occasional specimens of Ameiurus melas 
(Raf.). Oconcns. of 3.0 ppm. and over prob- 
ably nonlethal to all species tested. Small 
fishes less tolerant of low O tensions than 
larger fishes of same species, at both winter 
and summer temps. Because of delayed 
lethal effects of low O tensions, importance of 
duration of éxposure in detg. O thresholds 
emphasized, 24-hr. exposure being suggested 
at summer temps. and 48-hr. at winter temps. 
29 refs.—C.A. 


The Penetration and Scattering of Solar 
and Sky Radiation in Natural Water Bodies 
of the Pacific Northwest. CLinton L. Urt- 
TERBACK. Univ. of Wis. Symposium Hy- 
drobiol. (41). p. 45. Decreases in intensity 
of light at varying depths of lake and sea 
water measured by means of a submarine 
photometer. ‘Extinction Coefficients” (rate 
of decrease of log of light intensity with depth) 
obtained for red, green, and blue filtered light. 
Extinction coefs. at Crater Lake for red, 
green, and blue light: 0.311, 0.060, and 0.031- 
.036 per m. resp. Values for red light about 
equal to those found in the N. Pac. sea waters 
and those reported for distd. water. Values 
for green light at Crater Lake approx. twice 
that of distd. water and half that for N. Pac., 
while values for blue light 5 times that of 
distd. water and } to } that in N. Pac. 
Variations in intensity of solar light and rela- 
tion of plankton to light extinction coefs. 
discussed.—P.H.E.A. 


Sedimentation in Artificial Lakes. Srar- 
FoRD C. Happ. Univ. of Wis. Symposium 
Hydrobiol. ('41). p. 35. Present rates of 
sedimentation, usually measurable within 
year or so, much higher than formerly existed 
in natural lakes. Due chiefly to man-made 
changes which increase erosion. In surveying 


~ 
: 
ict 
= 
| | 
| 
| 


une 1943 


lake sediments, sometimes possible to make 
soundings and compare with previous surveys, 
but usually necessary data not available, and 
necessary to measure thickness of deposit by 
means of spud, consisting of steel rod 1}”’ in 
diam. with cup-shaped grooves around it at 
0.1’ intervals. Differences in sediment char- 
acteristics at various levels usually distin- 
guishable. Soil augers used where deposits 
are above water. Annual avg. depletions of 
storage on 421 artificial lakes amtd. to 0.95% 
for lakes in southeastern Piedmont area, 
1.45% in central lowlands areas and 1.05% 
in west Gulf Coast Plain. In Los Angeles 
area, 19 lakes avgd. 9.19% per yr., but this 
regarded as too high for long-time avg. 
\bout 200 cu.ft. of sediment per acre of 
drainage area per yr. should be max. except 
under unusual conditions. Within scope of 
survey, rate of sediment accumulation tends 
to increase as capac. per unit of drainage area 
increases up to 300 acre-ft. per sq.mi. of drain- 
age area, but data meager for lakes of higher 
capac.-drainage area ratio. This probably 
reflects sedimentation in valley flood plain 
above lakes and appreciable loss of sediment 
over outlets for low capac.-drainage area ra- 
tios. Delta deposits frequent feature of re- 
servoirs and, beyond this, rather uniform 
deposit of finer silt, with definite tendency for 
depression in lake bottom to fill more rapidly, 
probably due to greater depth of water and 
greater density of silt-laden waters. Densi- 
ties of 318 samples of sediments varied from 
20.1 to 101.7 lb. per cu.ft., avgg. 54 lb. For 
210 samples of “bottomset” beds, always 
submerged, avgg. 44 Ib. per cu.ft. 3 general 
conclusions reached: (1) Artificial lakes in 
agric. regions being filled much more rapidly 
than older, natural lakes, and in lakes draining 
only forested areas. (2) Sedimentation af- 
fects entire lake area and may be more exten- 
sive than indicated by visible conditions. (3) 
Sediment remains soft and uncompacted for 
at least a no. of years.—P.H.E.A. 


Silt Problems. W. E. CorFitzen. Civ. 
Eng. 12: 616 (Nov. '42). Subject of silt so 
widely discussed many wrongly believe nation 
faces insoluble problem. In arid and semi- 
arid regions of U.S., material transported 
largely inorg., thus does not help to nourish 
fields on which it rests. In designing large 
dams, necessity of making provision for reser- 
voir silting now recognized. With upstream 
development and erosion control, life of Lake 
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Mead will probably exceed 500 yr. Air, as 
well as water, creates silt problem. Strong 
winds carry away rich soils from farm land 
and rich lands frequently covered with depos- 
its of inferior soil transported by wind. Ac- 
celerated erosion started by man’s interference 
with one or more of natural forces without 
providing compensating changes in certain 
other forces to maint. equilibrium. Desilting 
basin at Laguna Dam example of local method 
of reducing amt. of silt carried into irrigation 
system. Satisfactory means of keeping large 
channels open to construct series of walls ex- 
tending from each shore at right angles to 
current. While only fed. govt. can guide and 
control long-range program, must be stressed 
that individual action can hinder and wreck 
program.—H, E. Babbitt. 


Keeping Debris out of Reservoirs by Soil 
Erosion Control. ANon. Eng. News-Rec. 
128: 980 (June 18, '42). In '38, East Bay 
Munic. Util. Dist. introduced reservoir silting 
studies with view to preventing further erosion 
damage to watersheds and flow of eroded ma- 
terial into reservoirs, decreasing their capac. 
Extensive surveys conducted and protective 
work undertaken, including specially designed 
non-clogging inlets and protective aprons to 
prevent erosion at discharge end of culverts 
under roads, stream bank protection, tree 
planting, interceptor ditches and flumes 
around road cuts and areas subject to slides, 
and constr. of check dams of different types 
to reduce stream gradient of creeks and gullies. 
Where height not great, check dams were of 
rubble masonry; elsewhere, earth fills known 
as ‘‘Missouri type”’ dams built, in which spill- 
way consists of metal pipe culvert whose up- 
stream end terminates in riser or vertical sec- 
tion that functions as circular spillway. If 
and when sediment collects in storage basin 
up to level of spillway lip, addnl. lengths of 
pipe added. Spillway crest provided with 
trash rack having vanes to prevent formation 
of vortex and to keep out debris. Excellent 
results have attended constr. of these protec- 
tive works and great improvement made in 
erosion conditions. Experience with some 45 
check dams indicates that grade which silt 
deposits finally take after ponds eventually 
fill with detritus varies inversely with size of 
drainage area. Max. size of material carried 
by creek naturally affects grade, as coarser 
material takes steeper slope. On smaller 
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drainage areas (100-600 acres) silt grade found 
to be 1.3-2.3%; on larger areas (1000-8000 
acres) 0.25-1%.—R.E. Thompson. 


A Comparison of Some Large Alpine Lakes 
in Western Canada. DonaLp S. RAwson. 
Ecology 23: 143 (’42).  Phys., chem. and geol. 
conditions, lake morphology and quantity of 
plankton and bottom fauna compared for 
lakes Bow, Waterton, Minnewanka and 
Maligne in Rocky Mountains and for lakes 
Paul and Okanagan in B.C. All lakes have 
typical oligotrophic features. Total solids 
and alky. in ppm., mean summer lake temps. 
and mean surface (0-10 m.) summer lake 
temps. are 217, 148, 9.4° and 17.7° (Paul); 85, 
65, 8.3° and 9.1° (Bow); 82, 72, 8.2° and 12.3° 
(Waterton); 198, 125, 10.8° and 15.3° (Min- 
newanka); 104, 64, 6.2° and 10.8° (Maligne); 
174, 103, 8.6° and 18. , resp.— 


te 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION 


Voll. 35 


Improved Wire Suspension Plan Keeps 
Sea Gulls Off Reservoir, ANON. Eng 
News-Rec. 128: 500 (Mar. 26, '42). Wire 
stringing method on 700 X 1500’ reservoir of 
East Bay Munic. Utility Dist. at Oakland, 
Calif., described. Transverse wires placed 
first, thus providing intermediate supports 
that greatly reduce stress in longer runs. No. 
6 galvanized wire used for transverse runs and 
No. 11 for longitudinal runs. Wire strung 
from 2.5’’ pipe supports, 6-16’ high, just above 
high-water line, each support being tied back 
with 2 pairs of guy wires to oppose pull of 
catenary. Spacing is 30’ in both directions 
and turnbuckle is used at one end of each span 
to adjust sag uniformly. Nearness to coast 
and frequency of salt fog makes desirable to 
coat wires with heavy grease to prevent cor 
rosion. Grease applied about once each yr 
with aid of stow equipped with trestle.— 


R. E. Thompson. 
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WPB Order CMP-5 Amended 


ANUFACTURERS of water 

works equipment should note that 
Order CMP-5, dealing with mainte- 
nance, repair and operating supplies 
under the Controlled Materials Plan, 
was amended on May 14. This order 
is concerned primarily with the main- 
tenance and repair of manufacturing 
properties. Jt does not apply to main- 
tenance or operation of water works 
by Utilities Order 
U-1, 

In the amended form of Order 
CMP-5, the preference rating AA-2X 
heretofore assigned to persons en- 
gaged in activities listed in Schedule 
IT of the becomes AA-2. 


Priorities Regulation No. 1 issued on 
May 14. The A-10 preference rating, 
available to persons engaged in busi- 
nesses not listed on either Schedules 
I or II becomes AA-5. 

Schedules I and II of the Regulation 
have been completely revised. Some 
activities and business formerly listed 
in Schedule II have been transferred 
to Schedule I and some formerly in 
Schedule I now appear in Schedule II. 
These changes will alter the preference 
ratings which may be used by the in- 
dustries involved. 

The original order was published in 
the March 1943 JourNAL (p. 386). 
Copies of the amended order should 
be obtained from the nearest WPB 
office. Ste 
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has been based on apprehension of deterioration or danger in storage. 
document reprinted below will suggest to the user of coal the 
methods of storage and the precautions to be taken in the use of each. 
Copies of the original document are available from the Bureau of Mines, 

“.S. Department of the Inte rior, W set dit D.C., by requesting Information 


ircular 7235. 


URING the present war emer- 
gency, under the urge of the Fed- 
eral Government to store coal, the 
following questions are frequently 
asked by coal users: 
a. Will the coal lose any of its 
heating value in storage? 
b. Will it slack and give a smaller- 
size coal? 
c. Will its burning characteristics 


‘change in any way? 


d. Will it catch fire from spontane- 
ous combustion ? 

e. What precautions should be taken 
when coal is stored? 


Reprinted from Bureau of Mines Infor- 
mation Circular 7235. This document is a 
revision and expansion of Bureau of Mines 

C. 7211, “Pointers on the Storage of Coal,” 
y J. F. Barkley, Chief, Div. of Solid Fuels 

tilization for War, Bureau of Mines, U.S. 


Jept. of the Interior, W ashington, eo’ 


The combination of wartime demands on railroad trans- 
portation and possible irregularity in the future production of coal make it im- 
portant that water works men store as much coal in advance <f their needs as 
The reluctance of many coal users to maintain large storage 


The 


various proper 


a. Loss of Heating Value 


Studies by the Bureau of Mines. 
show that the loss of heating value of 
coal in storage has commonly been 
overestimated. Various types of stor- 
age tests were made on New River, 
Pocahontas, Pittsburgh gas and Sheri- 
dan (Wyo.) coals. The following is 
quoted from Bureau of Mines Bulle- 
tin 136, “Deterioration in the Heating 
Value of Coal During Storage,” by 
H. C. Porter and F. K. Ovitz (p. 8): 

“Except for the sub-bituminous Wy- 
oming coal, no loss in heating value 
was observed in outdoor weathering 
greater than 1.2 per cent in the first 
year or 2.1 per cent in two years. The 
Wyoming coal suffered somewhat more 
loss, 2 to 3 per cent in the first year, 
and as much as 5.5 per cent in three 


years.” 
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These figures refer to the heating 
value of the coal substance itself, free 
from moisture and ash. If the heating 
value of one pound of the coal as 
piled is to be considered, the value 
would vary with any changes in mois- 
ture content ; it is also slightly affected 
by small changes in the weight of the 
coal, owing to absorption of oxygen 
and giving off of gases. The coal may 
actually gain slightly in weight. The 
heating value is considerably affected 
if there is actual firing of the coal in 
storage. M. K. Drewry* reports an 
average yearly heat loss of 0.1 per 
cent for five fireproofed piles, stored, 
on the average, about 14 months, and 
an average yearly loss of 0.9 per cent 
for five unfireproofed piles, stored, on 
the average, 44 months. By “‘fire- 
proofing” is meant covering the pile 
with a material such as asphalt or coal 
dust to cut down the air flow through 
the pile. These figures of loss are on 
the basis of total Btu. lost from the 
pile as a whole and include some losses 
from coal fines carried away by the 
wind and from spontaneous heating in 
spots. The coal stored was a low- 
moisture coal of about 35 per cent 
volatile matter. 


b. Slacking in Storage 


The extent of slacking of coal in 
storage depends principally on the 
rank of the coal. The lower-rank coals, 
such as lignite, sub-bituminous coals, 
and high-volatile, high-inherent-mois- 
ture bituminous coals, slack from 
weathering much more readily than the 
higher-rank coals. The slacking, un- 
der good storage conditions, ordinarily 
extends only a short distance into the 
coal from any exposed surface. Very 


; Power Plant Eng. (July 1942) pp. 
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little, if any, difficulty from slacki: 

should be experienced with the highe 

ranking eastern coals. The Bureau « 

Mines has developed a laboratory tes 
to indicate the tendency of a coal t 

slack.? Studies of these tests showed 
a wide variation in this tendency, as 
the “slacking indexes” ranged from 
about zero for some bituminous coals 
to nearly 100 for a Texas lignite. For 
coals having a natural bed moisture 
up to about 7 per cent, the slacking 
was small; above this value, the slack- 
ing was more erratic and, in general, 
increased appreciably with the bed 
moisture content. 


c. Changes in Characteristics 


Changes in burning characteristics 
may occur in some coals in storage. 
Such changes are important primarily 
for slack-size coals. For example, the 
caking tendencies of the coal may de- 
crease appreciably. Whether or not the 
decrease in caking or coking tenden- 
cies affects the efficiency of the fuel- 
burning equipment depends on_ its 
type. For example, such a coal would 
not burn nearly as satisfactorily on a 
hand-fired down-draft furnace; after 
being stored for many months it would 
not stay on the upper grates as well. 
Storage might improve the coal for use 
on domestic underfeed stokers or 
chain-grate stokers; for spreader stok- 
ers it would make little difference; for 
large underfeed stokers the efficiency 
might be affected. Sometimes coal, 
particularly low-volatile slack, acts 
“dead” after long storage, as described 
by a fireman; that is, it does not seem 


2 FrecpNer, A. C., Setvic, W. A. & FREI 
ERIC, W. H. Accelerated Laboratory Test 
for Determination of Slacking Character- 
istics of Coal. Bureau of Mines Rpt. of 
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o ignite so readily at the lower tem- 
veratures. This tendency is noticeable 
hiefly in hand-firing, where furnace 
temperatures are not particularly high. 
Storage often greatly affects the coke- 
making properties of a coal. Such 
effects are reported to appear within a 
week for some coals; other coals may 
not be affected appreciably for several 
years. There may also be slight 
changes in the mineral matter of the 
coal, which oxidizes to some extent. 
Such changes need not ordinarily be 
given much consideration. 


d. Spontaneous Combustion 


Whether or not, under given storage 
conditions, a given coal will heat from 
spontaneous combustion to any unde- 
sirable extent depends on many factors. 
These factors include: (1) the tend- 
ency of that particular coal to take up 
oxygen, a tendency that decreases as 
the oxygen is absorbed; (2) the tem- 
perature at which the coal is piled; (3) 
the fineness of any pyrite present; (4) 
the original size of the coal in the 
pile; (5) the tendency of the coal to 
slack; (6) the moisture conditions; 
(7) the amount of air available to the 
coal permitted by the conditions of 
ventilation throughout the storage pile ; 
(8) the presence of foreign substances, 
such as wood, straw and refuse; (9) 
the possibilities of dissipating any heat 
developed; and (10) any added heat 
from external sources. Owing to the 
complexity of these factors, exactly 
when and how much the coal will heat 
cannot always be judged for every 
storage condition. It is not difficult 
to store coal satisfactorily, provided 
these factors are evaluated correctly 


8 Scumipt, L. D. Effects of Storage and 


Oxidation of Coal Upon Coking Proper- 
ties. Iron & 1941). 
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and provided the means are at hand 
for carrying out the proper methods 
needed for each case. 

1. Spontaneous heating is caused by 
the uniting of the coal with oxygen; 
it is the same as the burning process 
in the furnace, except that it proceeds 
at a much lower rate. The following 
is quoted from Bureau of Mines Tech- 
nical Paper 409* (p. 64): 

“Oxidation of the coal substance it- 
self is the main cause of spontaneous 
combustion; some of the organic con- 
stituents may contribute more to the 
heating than others, but it has not been 
shown that any one constituent exerts 
a preponderant influence to the exclu- 
sion of the rest. 

“The process of spontaneous heating 
is operative at room temperatures as 
soon as freshly broken coal is exposed 
to the air. It begins with the physical 
absorption of oxygen and is continued 
by the formation of a solid chemical 
compound of coal and oxygen, which 
is gradually decomposed as the tem- 
perature rises. The coal increases in 
weight by the amount of oxygen re- 
tained. There follows the breaking up 
of the solid compound of coal and 
oxygen and the formation of the final 
oxidation products—carbon dioxide, 
carbon monoxide and water. This 
process generates heat.” 

Coals vary a great deal in their nat- 
ural or characteristic tendency to take 
up oxygen. In general, it is relatively 
low for high-rank coals. It is ex- 
tremely low for anthracite. It is higher 
for coals of high bed-moisture content, 
high oxygen content and high volatile 
content, all of which characterize the 
low-rank coals. Schmidt reports * that 


4 Davis, J. D. & ReyNotps, D. A. Spon- 
taneous merase | of Coal. Bureau of Mines 
Tech. 409 (1928) pp. 
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a High Splint Kentucky coal under 
identical conditions consumed oxygen 
three times as fast as a Pocahontas 
No. 3 West Virginia coal. 

2. Technical Paper 409* (p. 64) 
may again be cited: 

“With the Appalachian coals, oxida- 
tion begins to be appreciable at about 
85°F. and increases in intensity as the 
temperature rises. With 
coals the beginning 
lower. No coal has as an inherent 
_ property a critical temperature at which 
there is a sharp transition from rela- 
tively slow to rapid heating.” 

The reaction between coal and oxy- 
gen is considered to double for about 
each 15°F. If the temperature of the 
coal is 60°F. and it is raised to 90°F., 
the rate at which the oxygen unites 
with the coal increases four times. 

3. According to Technical Paper 

(p. 65): 

“Pyrite when finely divided can in- 
crease the tendency of a coal to heat 
spontaneously. Although it has been 
shown that coals containing virtually 
no pyrite have fired spontaneously, it 
_ has also been quite definitely shown 
_ that fine pyrite, when present in the 
coal, does increase the rate of oxida- 
. Pyrite is a compound of iron and 
a sulfur. In general, the sulfur content 
of coal is largely in the pyrite com- 
pound. Pyrite unites with oxygen and 
water to form sulfuric acid and iron 
sulfate, giving off considerable heat in 
the process. Coal users who store coal 
under the various conditions found in 
industry are, in general, cautious about 
1 ae: the storing high-sulfur coals. Rains or 
__water-flooding of coal may increase the 

rate of oxidation of the pyrite by sup- 
oa lying needed water or by washing off 
products of oxidation formed on 
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it. Pyrite is also accused of disinte 
grating the coal by its oxidation t 
bulkier products. 

4. An important factor in the heat- 
ing process is the total surface area 
of the coal exposed to the air; the 
greater the surface the more chance of 
union with oxygen. Table 1 shows the 


variation of surface area with size. 


‘Variation of Surface Area of a Ton of Coal 
With Coal Size 


(Coal Considered to Be in the Form of Cubes 
or Spheres of the Size Designated) 


Size Size Area per Ton 
sq.ft. mesh sq.ft. 
2.83-ft. cube 48 4 8,727 
6-in. lump 272 8 17,416 
3-in. nut 544 16 34,796 
}-in. 1,088 30 70,341 
3-in. 2,176 || 50 139,479 
3-in. 4,352 || 100 276,595 


For one ton of coal in the form of a 
solid cube, there is about 48 sq.ft. of 
surface; as the cube is broken down 
to smaller sizes, e.g. to slack coal, there 
may be 20,000 or 30,000 sq.ft. Ex- 
perience indicates that good-size egg 
or lump bituminous coal ordinarily 
gives no trouble from spontaneous 
heating when stored, mainly because 
there is not enough surface area. 

5. Coals that slack in storage pro- 
vide more surface area for oxidation. 

6. Many persons have found that 
coal stored wet gives more trouble 
than coal stored dry. Attempting to 
cool a coal pile with water frequently 
creates further hot spots. Changes in 
wetness affect the ventilation of the 
pile and also the heating activity of 
the pyrite. Schmidt of the Bureau of 
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uublished to date, that the movement 

f water vapor through a coal pile, 

ith any resulting condensation on 
ihe coal, could aggravate heating con- 
ditions. He calculates that condensa- 
tion of the small amount of water re- 
juired to increase the moisture content 
eg., from 3 per cent of the weight of 
the coal to 4 per cent, is sufficient to 
raise the temperature of the coal over 
30°F. 

7. Air moving through a pile of coal 
supplies oxygen for burning and also 
carries away heat. It may cause in- 
creased heating or increased cooling, 
depending upon the amount. When 
coal is piled by letting it drop, the 
larger lumps fall to the outside. Such 
a pile creates an ideal condition for 
spontaneous heating. If one spot 
heats, it will gradually heat the whole 
pile. There is always the chance that 
some spot will receive exactly the right 
ventilation, so that the correct amount 
of oxygen is brought in and yet not 
enough heat is carried away. There is 
much air movement on the outside 
edges, yet in the center the air can 
hardly penetrate. There is no ventila- 
tion at some spots and much as others. 
Naturally, somewhere in the pile will 
be a spot where there is just the right 
ventilation to produce a “hot” spot. 

8. Foreign substances in the cecal 
pile are always a hazard. Pieces of 
wood, straw or oily rags not only af- 
fect the ventilation but frequently 
create pilot fires to start burning of 
the coal. | 

9. If the heat developed spontane- 
ously is removed as rapidly as it de- 
velops, the coal temperature will not 
rise. In a pile of coal where the heat 


is not removed, however, the tempera- 
ture rises and the rate of the oxidation 
or burning increases rapidly ; it is self- 
aggravating. A pile of coal,-therefore, 
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might do anything from actually cool- 
ing to very rapidly catching fire, de- 
pending on how much heat is removed. 
The time element is involved. A pile 
of coal might stand three or four weeks 
without trouble, as it has not had time 
to heat, but later it might take fire. 

10. All sources of external heat 
should be avoided to the extent pos- 
sible. 


e. Satisfactory Storage Methods 


Satisfactory storage of anthracite 
does not present much of a problem. 
Householders need not expect to have 
spontaneous heating troubles with this 
coal; no occurrences of spontaneous 
heating of household-size anthracite 
have been found. Some difficulties 
have been experienced in careless stor- 
ing of fine or buckwheat sizes in large, 
deep piles. Some causes of the trou- 
ble have been found to be foreign sub- 
stances in the coal, an unusual amount 
of coal dust and considerable heat 
from external sources. Under the 
necessary air-flow and temperature con- 
ditions, which rarely happen, anthra- 
cite will heat spontaneously.2 The 
matter is still under investigation. 

To assure absolutely that no unde- 
sirable heating will develop in any 
stored bituminous or sub-bituminous 
coal, it is necessary to use careful 
methods of storage that either prevent 
access of air to the coal entirely or 
provide for access of enough air 
throughout the pile to carry away the 
heat as rapidly as it develops. This 
latter is practicable only for sized coals. 
Different kinds of coal act quite dif- 
ferently in storage. It is not practical 
or economical for every plant to obtain 


5 Scort, G. S. & Jones, G. W. Effect of 
Particle Size on the Rate of Oxidation of 
Anthracite. Bureau of Mines Rpt. of In- 
vestigations 3546 (1941) 15 pp. 
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the site and equipment needed to carry 
out methods that would satisfactorily 
store any and every coal. The problem 
for each plant is to select the most 
practical method that will give suffi- 
ciently satisfactory results for the kind 
of coal that is to be stored. Good 
judgment must be used, based on some 
knowledge of the causes of spontane- 
ous heating and also on the results 
obtained for somewhat similar cases. 
A study is now being made of storage 
results throughout the United States 


under the many conditions of storage 


found in industry ; from this it is hoped 
that information may be made avail- 
able that will help in predicting the 
chances of heating for given storage 
conditions with given coals. To date, 
no difficulties with spontaneous heating 


of bituminous coal in the home have 


been found. 

Methods of storage that may be 
considered include: 

1. Storing Coal Under Water: This 
method is desirable from a practical 
standpoint only under very special cir- 
cumstances. Water prevents the ac- 
cess of air and hence all spontaneous 
heating. It does not harm the coal 
appreciably except to make it very wet, 
but this often is quite undesirable. If 
the very fine sizes are removed before 
underwater storage, the water will 
drain from the coal much better when 
the coal is taken from storage. Usu- 
ally a cheaper and more satisfactory 
way of storing can be devised for most 


coals. 


condition. 


2. Storing in an Open Pit in the 
Earth: This scheme is an offshoot of 
the water-storage method, arising from 
the attempt to avoid the use of water. 
The sides of the pit should be in good 
Segregation of coal sizes 
should be avoided in placing the coal 
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and compact the coal with a bulldoze: 
tractor. The coal should not have 
level higher than the top of the pit 
Air has access to the top and to some 
little extent around the sides of the 
pit. Covering the coal with a layer of 
10 or 12 in. of very fine coal would 
help to keep out the air. Coals that 
slack readily, such as sub-bituminous 
coals, will slack for some inches at the 
top. Whether or not undesirable heat- 
ing will develop depends upon how the 
usual factors affecting spontaneous 
heating happen to act. This method 
certainly cuts down the possibilities of 
air flow and would afford satisfactory 
storage for many coals, including some 
of those more difficult to store. If 
much heating develops, the pit could 
be flooded with water. It is usually 
difficult to recover all of the coal in 
this method of storage. 

3. Storing Slack Coal in Layers: In 
this method, layers 2 to 3 ft. in thick- 
ness are built up on hard or com- 
pacted earth or clay. This base must 
be free from all rubbish or vegetation. 
It should have reasonable drainage, 
but no special drainage schemes such 
as tile or an ash base that tend to 
permit access of air into the bottom 
of the pile should be used. If an ash 
base is used for drainage, it should be 
covered with a layer of hard clay to 
reduce air flow. Any segregation of 
coal sizes, any foreign material such 
as straw or sticks in the coal and any 
external sources of heat should be 
avoided. The layers of coal should be 
compacted as with a caterpillar tractor ; 
even an ordinary truck run back and 
forth over the coal will help. A bull- 
dozer blade mounted on a tractor can 
be used to level the layers. Compact- 
ing the coal can increase the amount of 
coal per cubic foot from, e.g., 15 to 25 
per cent. - The wins of the pile ordi- 
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arily should have an incline of about 

5° and should be carefully compacted. 

ny reasonable height, e.g., 15 to 50 
ft., is practicable. This general method 

ill store many eastern coals satisfac- 
torily. Further precautions must be 
taken, however, for coals that fire more 
readily. A layer of fine coal dust over 
the pile helps to decrease air flow; a 
layer of nut-size coal on top of the 
dust will hold it down. 

There are many general modifica- 
tions to the above layer method that 
give satisfaction for many slack coals, 
particularly for the relatively smaller 
piles. Layering without compacting is 
used. Where slack coal is merely piled 
on open ground, letting the larger 
pieces segregate to the sides as it falls, 
trouble may well be expected unless 
the piles are very small. Such piles 
should not be over about 6 feet high. 
For higher piles, even for the best- 
storing coals, fires have started. The 
hot spots will start in the center and 
on the sides of the pile; a wind on the 
side of the pile will greatly increase 
the heating. If a trestle comes up 
through the pile, it provides an air 
channel that can soon develop heating. 

There is a general belief that it is 
not best to store different coals to- 
gether or to add new coal to old coal. 
Different slack coals have different 
size consists; a modified condition of 
ventilation is usually created at the 
joining area of two different coals that 
might be just right for heating con- 
ditions. This is particularly liable to 
happen when the coal is merely al- 
lowed to fall into storage with the 
usual size segregation ; leveling the coal 
into layers breaks up this effect. New 
coal has a higher rate of oxidation 
activity than the same kind of old coal. 
On the other hand, the old coal may 
have had the needed time to get well 
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started on heating. Different coals 
have different moisture contents that 
tend to cause a transfer of moisture. 
The entire question is one of how the 
fundamental factors happen to act. 
There have been countless examples 
of satisfactory storage where different 
coals have been stored together. 

There is also a belief that if trouble 
is not experienced with a coal pile for 
about 90 days no difficulties will de- 
velop. Quite often this is true. The 
decreased rate of oxidation activity of 
the coal with time develops less heat. 
Many other factors, however, are in- 
volved in the temperature rise of coal ; 
instances of undesirable heating have 
occurred six to eight months after 
storage in piles that gave no particular 
difficulties up to that time. Coal stored 
in the early fall may not show appre- 
ciable heating until the hot summer 
months. 

4. Capping Coal Pile With Airtight 
Coverings: Coal covered so that there 
is no air flow into and out of the pile 
cannot give heating troubles. Capping 
can even put out fires down in the 
pile. Some have merely covered the 
inclined sides of the pile. This some- 
times will suffice, but it is not nearly 
as effective as covering the entire pile. 
Coverings that have been used (other 
than coal dust) include cut-back as- 
phalts,’ usually of the MC-1 and MC- 
2 grades, asphalt emulsion and road 
tar RT-3 grade. These coverings also 
prevent coal-dust nuisance, windage 
loss and moisture penetration. 

Experiments by the author’s divi- 
sion show asphalt emulsions to be a 
much better type of covering than the 
others. Asphalt emulsions having 40 
per cent water and also 25 per cent 
water are on the market. There is 
little choice in these two asphalts for 
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water material is somewhat easier to 
a ad handle. The emulsion has the limita- 


— a tion that it might not set well at tem- 


peratures below, e.g., 25°F., owing to 

possible freezing of the water when it 
is applied on the pile. Where it is 
necessary to cover a pile at tempera- 
tures lower than 25°F., one of the 

other three materials mentioned could 

be considered. In general, however, it 
is best not to cap coal piles at these 
temperatures unless absolutely 
necessary. A capping of asphalt emul- 

sion is not so subject to cracking due 
to any settling or movement of the 
coal pile as are the other materials. 
When coal that has been capped with 


asphalt is reclaimed from storage, some 
care would have to be taken if the coal 
was to be used in pulverizers. Too 
_ much material of this type in any one 
place in the coal would gum up the 
pulverizer. Introduced into the fur- 
nace by fuel-burning equipment, the 
asphalt burns with the coal. 
At present, these materials cost 6 to 
12 cents a gallon. A gallon will treat 
- about 1 to 2 sq.yd. of surface to a 
thickness of 7 to 4 in. For larger 
piles, this would be equivalent to about 
0.1 to 0.2 gal. per ton. On the sides 
of a pile exposed to prevailing winds, a 
_ somewhat heavier coating could be 
used. The total cost for capping, per 
— ton of coal, would vary with the shape 
of the pile or the relation of the square 
_yards of area of the pile to the ton- 
nage. It might range from a few 
cents up to ten cents a ton. One 
72,000-ton pile at Washington, D.C., 
was covered with asphalt emulsion at 
a total cost, for labor and materials, 
of about 24 cents a ton. 
Special spraying equipment is avail- 
able for capping purposes. These cov- 


_ erings are also readily applied by the 
ow. ordinary 


“spraying tank wagon 
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used for spraying tar on roads. Th 
material is heated in the tank wagon 
to about 125° to 150°F. and can be 
sprayed through the hand nozzle used 
on the edges of the road. The hose 
to this hand nozzle would require 
lengthening for the larger piles. In 
one instance a 150-ft. hose was used ; 
one man handled the nozzle to hand- 
spray the pile, retreating over the pile 
on the unsprayed coal. Another man 
moved the hose. Cracked capping can 
be patched in the same general manner. 
Any point on the pile can be reached 
by means of ladders to which boards 
have been nailed crosswise and by 
planks for walkways. Where equip- 
ment is available, the entire tank 
wagon can be swung over the pile, us- 
ing the usual rear road spray. It is 
best, particularly for the larger piles, 
to spread and compact the coal with a 
tractor or similar means; this greatly 
decreases any tendency of the pile to 
settle and also decreases possible air 
movement through the pile. Large 
sheets of paper have been used in stor- 
age piles to stop the movement of air.‘ 

Other capping materials tried have 
been portland cement, with coal dust 
for the aggregate, and even plaster of 
Paris. 

Completely satisfactory information 
is not available as to the exact effect 
on heating in storage of coals sprayed 
with the usual oil or salt sprays. Ap- 
parently these do not increase troubles 
in any way and sometimes may be 
beneficial. 

5. Storing in Bins, Bunkers and 
Silos: For best results with this type 
of storage, all foreign material, such 
as sticks and oily rags, should be re- 
moved, segregation of sizes and ex- 
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‘ernal sources of heat should be avoided 
and the access of air prevented. Usu- 
ally the handling equipment for such 
storage appears designed to segregate 
sizes rather than prevent it. Many of 
the difficulties now being experienced 
in bins, bunkers and silos could be 
lessened greatly if care were taken as 
to how the coal was spilled by the 
chutes. Another chronic trouble in 
present equipment is its inability to 
spill all the coal. There are corners or 
spaces in which old coal will remain 
until hand-shoveled, often causing 
heating difficulties as previously men- 
tioned. It is seldom realized what a 
relatively large amount of air can flow 


into the coal through small slits, cracks 
or poorly closing gates. Some air usu- 
ally flows up through a coal chute hav- 
ing the ordinary cut-off and on up into 
the bunker, whether or not the chute 

full of coal. This applies particu- 
larly to high silos. Often air flow can 
be located with an ordinary candle 
flame. Most coals piled into a con- 
tainer really airtight on sides and bot- 
tom will not fire from air that reaches 
it only at the top. A layer of fine dust 
over the top is additional protection. 

6. Storing Sized Coals: Sized coals 
with the fines removed give much less 
difficulty from heating. In such piles, 
the relatively small amount of coal 
surface develops only a small amount 
of heat, which can readily be dissipated. 
In general, the higher-rank coals with 
the fines screened out may be stored 
without difficulties from heating. An 
arbitrary lower size limit of 4-in. might 
be chosen. These are instances of 
storage of washed Illinois 10-per cent 
moisture coals with a minimum size 
much less than this giving no trouble 
from heating. Conditions are changed 
somewhat if the sized coal slacks in 
storage, producing much fines. 


7. Storage in the Home: Spontane- 
ous heating difficulties in the small 
piles usually stored in home should not 
be expected with sized bituminous 
coals; no example of spontaneous 
heating has been found to date with 
slack bituminous coals. The ordinary 
precautions should be taken, however, 
to avoid foreign materials, sources of 
excessive heat and appreciable size 
segregation. Slack-size coal should be 
leveled about every 18 in. as it goes 
into the bin. For slack coals a height 
of 6 ft. is a good limit. The pile may 
be examined at intervals to note any 
unusual conditions. For a coal that is 
considered hard to store, such as a 


low-rank or sub-bituminous coal, 
added precautions should be taken. 
The bin should be made thoroughly 
airtight; slits or cracks in the bin 
should be closed and a removable par- 
tition should be built over the bin out- 
let or shoveling door. The coal should 
be leveled at the top. An airtight 
cover over the top could be considered 
for very high-moisture coals. 


Temperature Observations 


The temperature of a coal pile should 
be tested periodically with a thermom- 
eter or an equivalent scheme. This 
gives plenty of warning and ample 
time to avoid anything dangerous; it 
is only when the pile has been ignored 
that matters might get somewhat out 
of hand. 

Lengths of ordinary gas pipe of 
about }-in. size, closed at the bottom, 
reaching nearly to the base of the coal, 
may be placed about every 25 ft. A 
thermometer may be dropped down the 
pipe to explore for temperature. The 
pipe should not be removed once it has 
been inserted, as this ordinarily leaves 
a little chimney in the coal, which facili- 
tates heating. If a temperature of 
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about 120°F. is reached, the coal should 
be watched closely for any rapid rise 
in temperature. Plans should be com- 
pleted so that the coal can be moved 
when desired or satisfactorily water- 
flooded. Sometimes the temperature 
will rise slowly to as high as about 
160°F., then fall; at other times it 
will continue to active firing condi- 
tions. 

Generally the coal must be moved 
when too much heating develops. The 
heated coal can be spread out to cool; 
often it more convenient to use 
it at once. 

Using water to put out a fire may 
be effective for the moment, but in 
many instances this only delays the 
necessity of moving the coal. If the 
equipment available permits thoroughly 
flooding the coal with water, the heat- 
ing can be stopped. Generally, this 
flooding must be repeated at intervals. 
Spraying the top of the pile with water 
from a nozzle usually is ineffective ; 
the water seldom to the 
hot spot. It would be better to ram 
the nozzle down into the coal. Some- 
times a mass of coke that the water 
cannot penetrate forms over the hot 
spot. 
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Improvement has been found in ¢j 
use of the “water spear.” 
is made from pipe about 1 to 2 
diameter, closed at the bottom in 
sharp point. Side outlet 
drilled into the pipe just above t 
point. At the other end of the pipe 
a connection. A cross hand 
may be used at the top of the spear 
aid manipulation. The spear is ramng 
down into the pile to the hot sp 
facilitating water flooding. 

Small storage fires have been p 


hose 


out by smothering with carbon dioxi¢ 


gas. Either dry ice (frozen carbo 
dioxide) or the tanked liquid carbo 
dioxide may be used as a source ¢ 
the gas. This method is based on th 
fact that if oxygen is prevented frog 
reaching the coal the fire will go ou 
Use of carbon dioxide must be care 
fully planned and proper ingenuit 
used for satisfactory results.’ 
oxygen must be kept from the cod 
long enough for it to cool appreciably 
Heating may redevelop after the car 
bon dioxide disappears. For so 
conditions, its use may provide 
needed delay in the burning. 


7(GGUTLEBEN, Dan. Fighting Coal-Bunk 


The spea 
in. 


holes ay 


Vol. 


re 
a 
| 
| 
| 
= 
i = 
} 
( 
> 


